
4-Pjt ,„tl A—u^jJI S ^LH 
^ji^all L-JJj-iiilj t5 iail ijU"lU <Lal»Jl 4-uujij-<i]I 

gALUI jJ^JaJj femaB A«L*JI 3jlrf I 



iUiill SjjiliJI JUkUit 2_ <nS--.ll eJJt (>uJjJL! lyi^ll VdJ^'j (j 1 ^" fljU'll i»L«JI SjJtoijJtl Clj_^ 



<^rtutfUN 



(jyW ~ ^.L^>jJI J^ljjJI 



^jgJI cJijuai! 




ftUYO <^9 






Jiui ^yic SjJsLSJI 4-jjJlU 4_j_lL 3 ^]| jj>lj)^-itl Jjjitl! (j,!^!,! L_*jjJil!lj (_y-ail ^-lLClU 4_<jL*J1 4_ci.h.uJ-1I Ly *-mj 
(j-a (JJuJ-lxJI dsL^-jHi! 4_a=_jjj aLcTl&VI I JJt (jGGj (JaaJI (J>" ^r 2j^jHXI 4_ilg.tlj 4_j_Ll!lj 4_i_L2Tl!I cJijUi^JI 

JUj 4JL11 jjju Ji^ll i^j^nJI ajiZiJI <Jb=-c *-2.s 4- ^^ jlj-c-li-uVI Jjvf ^ jUjVIj *Jl*JL tJLlJLI «ul_ui 

I§_ ^JlSjII 4_i]jJl!I <_jjL*lI1JI «_<j <j-alu 4_jjL>,j1 cjt-i-^ ^_&l_iil jji^Lajj *u o i rTi 1 4_<aL*JI Bjl^Vl ("it-i-^ Ju2j 

4_j_<_ u L-u^1 SJ_j£=jJ1 Jiu^ i^Jl!I 4_dl3^JI 4_i_Lg.U j_uL«II jIjlc.1 f-jj_<iiA £_ SjU-^tl ^j^ cJiuIi jjaj (<gLJlLlL<3 

JaaJI jjj-" (J-^ 4ji^ir j i-»o <jLj><i Jj^— i iSu cr^ 1 ^^ 4r Jt^^ - *^' "l^*^ M ' Sh^J^ 1 -^' S^Lh^' ^-i 4r 

4_lisj_aJ (_£Jl!1 ^^ylaJtJI *JaljJI *_a 4_LC,L»JI ^JJJ-JI (3^ljlu ^-J->«J (jyj-^i' ViJ^^'j Q*"^ (*t4*-^ ixLxJI 4_cu.i-UjJ, I j 

(jj-mj L9l < V<tl ji^i (^jjjjjtj ^_oLJ^_l! 4 I ^1 ^— ." a a j k. b 4jL$_L!I 4_ ^jLsJlJI oJui T^iellJ iJ^JtJI (_£3-<-u ' ALa^a 

.4_1 J _ U L-U^?I 4jLtiLaIL<3 (jjrT-tQ '£— 4_lA^lj j"^|j (J^JtJI 

^^.,^.■^-"11 |VJ 4_aj^UI tljljLgJ.1 (— )l ■■■"^^1 4jAj^-^ (JjLuj Aji^p- <— iLcj-iJjj-a 4_lc1_L^sJ| 4_jiiJI 
j^l <dJI ,j-<s (J^aG 4_ljjjJiIJ| 4 uri-»JI o'jJb ^i^i Cf^i ?''<~i" (jr & 3 g-ALill J^>^J f^jo t^all 4_aL»JI ijl^Vlj 

.dlljL^JLI tfjui <_jLxl1^3I 4_JLc£. A£.Ji3 (_yJI (JL=lJu^Ij '"'I Lula!l]lj 4^LCli.uVLj 

.*.LcjJI Lay )>_La-i-u 4J1 t ^Ltisjj^ 'Lj-^ H L^-i-a ,jj t jA" , „t \j Li^l JlcI (jyic. (J^-*jL2J' <3^J^ <J^ JGoj «UJIj 
7«_&LlH ^jjJajj ^-L^-Lsall LoLaJI SjI^VI 









- 1 1 j U -^. t ^ljLIu ^_ j.q-Lll I Jui (JiLftTu .3j_ii- 2 1 S j S * II (J^L>- x-ij-ujj ju^LLUja j_4-i 4_lqj3jJ I '" „''J^"'^~' ( — Ot>^' 

4 giaJlj <_jj_<_uL»JI 4_j_L2j ,2JLjJ3Jl1I diLjJj^p^iJVl *i ' ' <aj j ^jo <^>" (JL*-a ^- <— il Luialll Lg3Ji^reIL-ul 4_ajJiIL<a 

■j-<Cli.u.<\ JljIJJ 2_ 4_j^2jJ| j^ljjjl al Jiseludul Jl ^.i! La .dlLajim 



ij-&>-] (Jl A-ujj^l^aJVI 4_cLxJ1 £ys 4-uj^l^aJVI till Jul I f-l^j? J^3 4- »J^I>^ AjaSjJI j^IjJl!! <jl 




'^j-, ,,,ti a-_u,jji 5_^ia! 

^j^all L-JJjJjilj t5 Jill 'tjW'lU <Lal*J| Ajaujjj-all 



1 

I 

5 
§ 



suayi^ijiji 



^ju/Lj^j! Sj^j*.1 <_>A*j ( jr ic <-_3j*aHII 










t^ylc Ij-iLJa 4_ljjjJi1!I ^a^JI ^>jui Jl»j <_jjJl11I (jj)^— n <jt 

■ 4jrttV(t,l JjljjJI (_yiirt2j < . m^-tj3 




(>- nj^uSJ 













(Y- QJ^SJI 



IjLI^l!! (jAaj JlcJ (jjJI (Blocks) diLs^Jb jf 4-tLa^ CjI JLvj ^jic JajlII I JUfc dilj_y=^j ^jl>j 

( i- > ) J^.t, NAND j AND ^j (T- > ) J^.t.tl jJ^I ORj NOR ^»l^^ S^LAl 




or- »j^Ati 










(i- QJ^SJI 



• V cc =+15v <CaJ3 j-ftTm-La Jl^jv dl? Jl^zj j TTT , ( alua J" 




(o- \) J^xAJI 









■Ibje-^ Clock icL-JI diljLil j? diL^-dl! jJj^j ^yic i^ji^-o 2 jl»*j ("I- ^ ) J^lAJI 4- l£>> La= 

.100 kHz j 1Hz ^ ^1^3 ^Jlj ^l^ill 




(1- nj^uSJI 



.^Ljj jl Jlc j ^gj Mir jl Jul! Jj-t^s (A - ^ ) J^-i iSJI j (V - ^ )J^-i Mill ^jl^jj La=j 




(V- UJ^xAJI 










(A- QJ^Atl 



.r-jUcJll 4-!L>. J-gia3 4jJJji» Cjl_Sjjl_i (jyic l_£jIL>0 (j^ 3 (^ _ ^ ) (_|=xju]l TCjiaJJ 




(<\- OJ^.tl 









■4jij-.ra.tJ I ^-lSJI <_>!=>«-! 7 segments <_jLiLi ^yic i_£>i^o ov* ( ^* ~ ^ )(_^=xA!l t=-^=jj Uj= 




0*- \)J^AJI 



.Decoder s^AAJI tils ^Jur. ^yk. i^ji^o 3 jcvj ( U - J^m.H ^^ i£jj 




(U- 1)J^2JI 









. JK gjj (> ^LM2U z jlxj ^ ( \ Y- J^lAJI Jju 




(\Y~ >)J^Atl 



iL>jVl L^hiz+t j\jZum^\ SjjU4 ciljL5.!>U jJ^^OT- OJ^lAJI Jjj l 




OX- ))J^n,MI 









.BjLiVI f-«L>- 4_JLc£. i^-i^J BJlvj ( ) t~ \ /J^"" 1 ""' T^- 1 ^ 3 ^ 




.Switches 



(U- >)J^n,MI 



£=_pLla 1 (jyic (_£jlb*j BJlvj ( \ 0- ^ )J^~ I Mill ^yle. j g fc>j 




O0- OJ^nAtl 



diLI^JI ^yic (^jl^o (_pJI iIjIjlv^JI aIjJcTllJ LoL=^jL 
.( M~ ^ )J^-i Mill 2_ tcJsj^ jji La i jj~=^1 Cy lc Jjvj^I £ys j-ji£. £L-u Cjli <laL=iILa 










(H- ))J^uSJI 



;i „i ^-.-.t i aj^i > ti Jj'-^j" (jl ^3 1 i ^j .^j j~^^f ( ^ v- ^ )J^— •"■•^ o^**,' 




(W- »J^xAl 









jLllvVI ?-'^Jt -a I jLJeTn-uV LsJLJ^ j Mif 4-l.uj Lglvj? JJlC (JJ-OJ ^Jl 21^1^—"^ j.j|j n a I JlJcTu-uI 3JL>. I§_ La? 

.0 A- \ ) J^xAJI 4- j^=>« >* L* < Test Boards 




OA- >) J^nAtl 

cjLiVI («-<-ulj jL^>- j^=>iXi 4_lq.3jJ I '"'I j''Jj^"'^~' 1 Ji I ^- (_>l3j-«JI J (j uLlSJJ Lai jLJr" ( ill j"^— ' >l isj_$jv 2 I (j"4> (J-* 5 

^yk. j^t^j i^JJI j Ct a2 J JI ^^ j.(Y'- \) J=xA!l ^i^j^j ^jJI Analog oscilloscope (jy J!ui]l 

.(Y>- QJ^iiitl 




- 

£ : & : »» : JIK : ft 

■l? lfj.f i iAip i lit 




(Y- ^Jf^AJI 










.Logic probe u ?U;tl o^ 1 




(YY- ^J^AJI 




4-Ojt ,,,tl A-_U,jJI A-^lUII 
^j^all L-JJjJjilj ^jiill 'tjW'lU 4_dl*Jl Ajaujjj-all 



>J 



I 
3 



I 



J 



suayi^ijiji 



4_i^jJ! 2 j ^ U ; 1 1 < ^MfAjtl 










AND jORuLjI>j 

.(j^L^jLa dil J OR J AND tuL>l^ jo^Tt ^yJI ^jlj-JJI Cy ig. (-^jjuJI . ^ 

.(j^-1^^ 5 <^jI J AND <j!^j (J-Lt-iiujj (J-u^ojj . Y 

.JiJjus CjMj Cjli AND 4_jljJ JjJuijj Jjj^sjj .V 

.(j-dLi*J-« Cj\ J OK- <J^ (J-Lt-iTujj (J-li^o^j . 1 

.(Ji>-I Jl<3 4-ftjjl Cjli OR 4-j'jJ (J-l<-iTu3j (Jjjls^j .0 

J i a ii^Jl i 7608 ^^oi^ .\ 

X \- Y)J^xAJI 

jiajj (_j4.ll j7432 p_jj (jjo i=«oj_ii . Y 

. SwitcheSA-LalaJLa ^jjLLj 4-sujI . i 

. 5 V (jyic rtbia j-ftTn-u-a Jl#j>- jJj-a . 



• t^iS-Jixj i2jI i OR Pjj (_ys c iLIjj 4 










<#£jUulJAND oljj : JjVl ^j^Ill 

.( Y- Y )J^,t,tl 

Inputs 
SW2 SW1 

A A j»jjdu 
B A 



U 



Output 



j^) 3 Y . ^ 



£^» 



.<£l»juciliAND4j|jj:(Y- Y) J^ At! 



^j J^jJL, Y ^j-LJIj 2 ^j J^jJL. B l^jJ^Ij 7408 ^j>^ > (*\> J^W A ^j-^l J-^j -Y 

.3 
.Ground C3 -J=jVL> 7 ^j ^jUIj 5vjl4^JI jj..^ 0.0^,11! 14 ^j L_aj_k!1 J^j .V 

.SW2 J SWi o^vLliil (j^j A,B <_9ljiaVl £yt }L= i_Lu^>>L! a£ . 1 
j ajLail (jyic Lai t-LlHI (Jjj^sjj (<uj ^^PV SW2 J SWi (j-L^Llill (J-tA-iTuTu *u 2jjI jJI 4jJl*jj aJ2 .0 

."ON" LT 2kill jcviyi jl OFF" " CT ikHI 
Ulr , LED c ^y^i\ aJL*. uj^j.n La sw 2 j SWi u^LlUI <_pJL>J ^^^ JL^oJ J^t J*^ .1 
.jl^Ij jT"ON" (J\ j-uij ^(j^^oj jJ^> ji OFF" " Jlj^uij Uk* ->jjIjJI 6^ 






yjtfil -iyaJ! 






£>itAl! ^^a^aidl Binary j^ <^l£. Ojl LjjLqJI cjLlJI J^t^O- Y) Jjj^>JI Ja=>i .V 

.LED jjjIjlII 5JU- (_,-c^ I ji^j Output 





Inputs 


J^IjJJ 




Output 


^_£^' 


A 


B 


SWi 


Binary 


sw 2 


Binary 


LED 


Binary 


OFF 





OFF 









OFF 





ON 


1 






ON 


1 


OFF 









ON 


1 


ON 


1 







Jjj^:0- Y)Jjjl>JI 









J^LUQ^ulJAND^IjjU^LUI^j^iJI 



7408 Uu^J AND jr^l^^ljLici^L IjlAj(Y- Y) J^ ,1,11 4- o^^ll 3^1 jJI >-4^=h^ p3 .1 



Inputs 
SW3 SW2 SW1 

fit J^ljd! 




Output 



-H^- 



E >ai 



.J^lj^tf^cili ANDi^tCY- Y) J^-tAtl 



g jut 4 jj"^,' ; j' l ' lll r; ; -i^ 1 jT R A jj^l.i^ j X , \ ll\^]\ ojjk'2. *j^1l jU \ .Y 
(jj^-ilj ( i aJ2j J^jJI ) 4_JLi!l <jI^jJI Ji- Jlaj (J-^j-a ( Y ^Jaj J^-j-JI ) <Jj^' ^>'>^' ^h** ^J^-" 

. SW3 J SW 2 J SWi 4j,ftU;a ^pLi-a AjMIi ~*±Layz A, B,C J^IjJ.1 






yjtfil -iyaJ! 






a>i3 cji j and ajI^j ^ui (y- y) Jjjl^i ju^v JjVi o^*3JI cii^iai t^ gji .r 

. B,A,C j^ij^ 



Inputs JSJjlU 


Output Y 


^e^ 11 


A 


B 


c 



















1 







1 










1 


1 




1 










1 





1 




1 


1 







1 


1 


1 





.(Y- Y) J^ ,MI ej$\: 



Jjj^:(Y- Y)Jjjl*JI 









.(T- Y)J^iJI 

.Y 
Inputs 
SW2 SW1 

B A 

Output 



H^- 



G^^l 



.^r^J^^li OR^I^:(T- Y) J^lAJI 



(<kij JjvjJL Y i^jJaJlj Y a&j i_L»!L> B t-^jIaJlj V £ VY o»o>AJ ^ *Jaj J^j-IL> A i_3j!aJ1 J-^j .V 

.V 

.Ground L3 _*i=jVL> V ^aj i_ajlaJlj vo Jl^>JI jjuua^j L>ojJul] ^ i ^Jaj i_ajiaJ1 J-^j . i 

.sw 2 j swi q^wlliil J I A,B i_aljJaVl <>« M= (_Lu^>l> *3 .0 

j ajuaJI (jyic Lol 7-llfl.U (J-li^ojj *uj ^~^>^ SW2 J SWj (j^^^-tl (J-Lt-iTuTu *u sjjI JlJI AjJuLb aJ2 .1 

."ON" LT 2kHI jcviyi j! OFF" " CT 2kHI 
I glf , LED ^jiMI <JU~ uj^j'" La SW2 j swi (j^vLlUI <_yJL>J <j^x^_4 JUl>J J^l J^jv^ .V 

.Jl^Ij jf'ON" (jll j-j-Ju ^^.Ja-aj jJ-t^. jl OFF" " ^ t j-l Ju TaU* JijjIjJI jL) 






yjtfil -iyaJ! 






^iwll (j^LaaJll Binary jsj^c (^ ♦ y ^LzJI cjLllJI J^^^b (V- Y) JjJl^JI Jo^i .A 

.LED jjjjjl iJU ,.,,„^ tJiAj Output 



Inputs Ji-ljJLI 


Output ^^^^ 


^^^ 


A 


B 


SWi 


Binary 


sw 2 


Binary 


LED 


Binary 


OFF 





OFF 









OFF 





ON 


1 






ON 


1 


OFF 









ON 


1 


ON 


1 







.(T- Y) J^lAII S^Sb iijiv JjJ^:(r- Y)Jjj^JI 









J£|JU ^Jjl u I J OR^bl^J : ^UuljJi ^UjaIII 






Inputs 
SW4SW3 SW2 SW1 

f f f f «>!jJLI 
D C B A 




Output 

< 150 ohms 



.J»|ju*ju)T4iiliOR*jljj L ^«jS i> 5b:(i- Y)J^=lAJI 
ojlA^ jj^j «/'< iH^je^b AjDC,B,A, J^Ijlaj= \j0 < Y , > 2JUJ1 ojla 4- f JLieiiJ .Y 

(JJ^"i~J ( 1 r^J (_L>J-" ) 5_xILlJl <jl^J-JI Ji* Jl4J (_Lu3J-a ( V aj2j Js-jJI ) Jj^' ^j'>^' ^J^ 3 4-Jb»J1 

. sw 4 j sw 3 j sw 2 j swi 4_iikia ^pLia SjujLi U^^a A, B,C D, Jiwl jJLI 



4jtJjf tljlj OR ^-jl^-jJ L yajua£cX\ (I" Y) JjJl^JI Jl q^-iV 4JLLxl?I <Jj-?el!l Cjljtr^ (j-u-flj *-ul .V 

.A,B,C,D JiJj^ 






yjtfil -iyaJ! 






Inputs JiwIjJLI 


Output^^^^^^^ 


swi= A 


Sw 2 =B 


Sw 3 = C 


Sw 4 =D 





















































1 











1 











1 











1 






















































1 










1 










1 










1 









.(i- Y) J^.MIS^Sb 



JjJi3.:(i- Y)Jjjl*JI 






NANDjNOTub!>j 

.NAND j NOT ^li^ ^,^- ^i ^ipji ^ ^j^ui . \ 

.J^l j^ oMis cj! J NAND oljj Jjji-^3 J^>J -i 

.NOT^ijyANDoljjLjL 

NOT ^ j> cjLi^i ^a ^ij (( > - v) j^n^ti JljJs^T) vi , i^ t >^>o > A .> 

.NAND ^ <> ^Ll^ £ ^i^i yjJ! jVi- ♦ gji j> ^D-i -Y 

.AND pjj ^ ^Ijt^j 1 (j^-tXS (_yJI jV £ ♦ A p^j <>o ^o><i .V 

.LEDS <Lu$jii» CjIj>jjI.S 4-Cjj^jJta .£ 

SW2 J SWi, SW3 . 4_t2laJLa TtjjLLa Aj^Lj . 










.^^Luajj^^j Vl'AjVl'l jVl' ♦ £ SI > A:(>- V) J^n,t,tl 









NOT 2L>!>> t JTjVl 2u#if I 



Input 



sw 












t 

A 

I 


1 l^o 


Y 

2 


Output 




■^ 




7404 


LED < 


> 150 ohms 


£>a1 



. Y f«^j J^-jJLi J-^j-a Y T^iJIj , ^ (*^j J^j-^W A i_3j_LaJI J-*^j . Y 

.Ground C3 _J=jVL V *^aj i_aj_LaJ1j vO Jl^>JI jJ$^j <^oj_Jii! ^ i <£j J^jJ' J^j -Y 

OFF *_caj ^ylc fijLjj ON *_iaj ^ylc SjLj SWi ^yta^lliitl J-l«-iTuTu *u sjjI JlJI Aj JuLb aJ2 . 1 

: (>- Y) JjJl^JI J^,l .0 
Input A J^jlXI OutpuTT — ~^^^jj.l 



.NOT oljj ^lv Jj j^ : Q ~ Y)JjJl^J! 









^ ju u G NAND i>i>> t ikjiif I 1>jaDI 



Ji-loU 




Output 



740oW »| " 



LED ^ ^| 

<S 150 ohms 



.O^Juooli NAND<jIjj:(V- V) J^.t.tl 



.V aSj J^jJL Y (_3jJaJlj Y ^2j J^-jJL B L-SjiaJlj VI * * i^o^A! ^ aSj J^jJLi A (_3jlaJ1 J-t^J .Y 

.Ground Cr J=jVL V *^2j (_3jlaJlj V0 Jl^sJI jji^a; ^o^-Jall ^ 1 aJ3j (_3jiaJ1 J-t^J .V 

.SW2 J SWi (j^vlllU (jjl A,B (_3ljJaVI £ya ^L= ^LllojIu («J3 .1 

j_iL^sJI (jyic Lai 7-LLaI.I (_Lu^sjj ((UJ ( -^-^>«J SW2 J SWi jrO-LlAl,! (J-tA-iTuTu j<u 2jjl jJI AjJulL) ajS .0 

."on" CT 2kni j^iyi jT off" " CT 2kni 

,LED l _^jjua}\ jjj! jJI 5JLv (jj ^— j i •■ La SW2 j swi ^yt^LlAll ^jJI^J <jj=u«-4 JLcTlvI J^-— II ■ti.^.V .1 

.JLvljjlON J I j-uiu * Ct j^j j-^a J I OFF (JIj-uJj f^Ua -S^-jl^jJI jL Ulr 

Output ^jJt-Ji (j^ir-iAell Binary jj^wi ^yic ♦ j\ LjjLzJI CjLlJI (_Loe_<^Li (Y- Y)Jjju>JI J-cj=I .V 

.LED J>_5e ,jJI yL >* '.""-» ,: ^i 






yjtfil -iyaJ! 








Inputs 


JiljdLI 




Output — 


— -^S^ 1 


A 


B 


SWi 


Binary 


SW2 


Binary 


LED 


Binary 


OFF 




OFF 








OFF 




ON 


\ 






ON 


\ 


OFF 








ON 


\ 


ON 


\ 







xr- r) j^.^ti 4.^^3X1 z^ijji 



Jjj^:(Y- r)JjjL*JI 









> iju li^j u i J NAND i>i>> t ^Li)i ijjADi 

VI* * ^jj.jj AND (j^jIjj^Ijus^L-uL I j_&$ (i- V) J^uSJb ^a^^Jll Zj^IjJI L-a^3pj^ . ^ 

5JL>J1 ojui 4- Q3^j *°j-*\ ^ Kj^* 1 ^ ^ j C, B,A Jiwl Jla=i ) - j Y , \ 5JUJI oJ_& 4- <aJ^t^-"l -Y 
jj^-i'j ( i j a£j J^jJI ) i-jJLuJI 4_)I_5_JI Ji~l jlaj J-^3>a ( V a^j J^-j-Jt ) cjJj^' ^>'>^' ^j^ 3 

. SW3 J SW2 J SWi ^UllaJua ^pLlo AJ^Liu il.usjja C, B,A JiJ jj,l 

.Y 

Inputs 

SW3 SW2 SW1 

fit Ji.laXI 
C B A 



^©^^B^-zg)oMf 



Output £>a&U 



.J»|juX5>l5cilJNANDijljjJl«jS^5b:(£- T) J^-iAtl 






yjtfil -iyaJ! 






^M5 ciii and ;l>uj ^ui (r- r ) Jjjl^ji ju^=v j/vi ^j^i oi^i^s. ^^ ^i . i 

.C,B,A J^Ij^ 



Inputs JiJjil 


Output "*^^^^^^ 


A 


B 


C 



































































(£- t) J^All S^Sb iiiiv JjJ^:(V- OJjjljJI 









NOT. jAND2U!>Jj»U*ZttlJ NAND ^1^ f LLj : ^UuljJI ^J>Aail 



L1I3JJ V 1 ♦ A <^o><i tj-a AND 4j1jj LaJiiel^La (0- V) J^i iSJI 4- A-sejLO^Jll aj^ljJI (,j^pj a! . ^ 



SW2 S< 



\ s r 



^-r4>*- 



1%' Y "\" D2 



.NOT j AND U^Jjj NAND 2u!jj:(o- V) Jf^uSJI 

.Ground C3 _i^jVL> V ^lj J^jVlj vO Jl^JI jjll^ (j^o^AJI }L=J ^ 1 ^j J^jVl J^aj .Y 

.SW2 J SWi (j-t^Liill J-L^-cuTu (<u SjjI jJI AjJLtb f*^ .Y 

: (1- T) JjJl^JL^LiUIJ^^ .1 



Inputs 


J^IjII 


Output — 


^^^u 


swi=A 


SW2= B 


Y 


(Not(Y 












\ 






) 








) 


) 







.(o- y) j^, ,t,tb o^^jii Bj^ijJi ^iv jjj^ :(i- r)jjj^>ji 

YA 






XORjNORub!^ 
■XOR j NOR cjLi^ q »,^ ^i ^sij-^ii ^ ^j^ui .> 

.NOT 3 AND , OR ^ r ! j^l^L XOR ^ ,ll, .1 

NOR £ji <> cibljji ^o^MyiJI j(>- 1) J^n.MI JIjJ^D Vl^Y^^^o^ .^ 

.XOR £^j £ys CjU^j 1 tj^i^"" <_yJ1 jVlAl £^j £ys O>o><i .Y 

.Oiv pjj (jja ^bl^j i jj a ■ ^"" (_yJI jViYY p^j jj^o <j>oj_<i .Y 

. AND^ji^cibljji Q *,Wn jiS\ jVl * A ££ (> ^j>^ ■ *■ 

. NOTg^^iCibljji, <j tl ffl ^1 jVl » 1 ^ t>a ^>^ -° 

.LEDS *-&y±> cjIjijjIj icj^^j*^ .1 

.V0 <_,!£. rt bia j-ftTn-u-a Jl^jv Jl!j-<5 .V 









TT1 H 



1 UK 

1 TIj, 






Quad 2-input AND gate 









Quad 2 input OR g« 



MX- 

v, CE- 




■ I(jlji^ij3 4jrtj^ j <jj-?elJI ^>JlA '£— 4_ajLJeTn.u.U 7e.jlj-.iaJI :Q ~ 1) J^~> loll 












Inputs 




Output 



* 1 en 



LED <:: ^1 

150 ohms 



.jr^jLx^lJ NORL.I^KY- DJ^lAII 



Y. rj^ILi ^ ^aj J*-j-N J-" 3 J j Vi ♦ Y o»o^A! Y j Y ^ij Jj>.jVL SW2 j swi 7=j3LaII J-^j -Y 
.Ground C3 _J=jVl_> V <£j i_3jJaJlj vO Jl^>JI jJ$^j S^j^Ail ^ i *Jaj J^j-M J-^j -V 

^pJI JJ^IJlXI CjVUTlvI (_U=i Cy ig. Jj i^-tei! SW 2 J SWi (jy^lTulU J.L<..J.'b rfU 3j-jI jJI AjJJlI> ^ .1 



Inputs 


J^IjJLI 


Output ^ — __^ai 


A 


B 


Y 










) 




1 






1 


1 





.(Y- DJ^AJU^SbiiiivJjJLvtO- l)JjJL»Jl 

n 









J^Ijuo oMis cj! i NOR ^ :^liJl ^j^iii 
o^ii j^ij^oMicjii NOR ^i^lljvi-y ^p, ^ NOR cjL.i^ A3Mii ^oiti^i .1 



Inputs 
SW3 SW2 SW1 

III Ji.|jd1 
C B A 



<^' 



Output 



I 9 Z — LED 



.JSJjustfMScili NOR^I^:(T- t) J^„,ll 



.Ground Cr i^jVL V ^j <_3jia]lj 
J^ljJll oVUTlvI J=3 ^^JLc Jji^-tei! SW3 j swi , SW2 T^pLal' Jjt mi" j 2jjI jJI AjJLtb *Ja .V 

(Y- DJjj^Jl^o^jII 






yjtfil -iyaJ! 






:(Y- i) JjJl^JI J^=l .1 



Inputs J^IjlU 


Oulp^T"--^^,^!! 


swi=A 


sw 2 =B 


sw 3 = C 


Y 



































































Of- DJ^Alls^SbiiiivJjjLvKY- OJjjl*JI 









<#£ tit u I : XOR 2b!>J t &llill 2bj*UI 



.(1- OJ^JUI 



Inputs 
SW2. SW1 



/2 SW1 

T f 

B A 



Ji-lull 



Output 



^>^U^- 



LED ^ _^,JU 

< 150 ohms c ^^ 



.<^ilijb.CiliXORij|jj:(i- DJ^aAll 



(*\) J^-j-ILi Y <_aj_k!1j Y ^j J^-jJb B <_aj_k!1j ViAl ^.o^A! ^ ^j J^-jJb A <_3jUl J^j .Y 



.Ground Cr J=jVb V aSj <_aj_LaJlj vO Jl^sJI jju^a^j aaj^AU \ i <°>j i_aj_bJ1 J^>j .V 

.SW2 J SWi tjfj3.bi.tl {Jl A,B <_3ljiaVl £ys >L=, J^uaj^j rcJ3 . £ 

j fljuaJI (jyic Laf 7-biJLl (J-li^o^j «jj ti^j^o SW2 J SWi (j^^-bitl (J-Lt-iuTb <3 2jjI jJI AjJuLb aJ2 .0 

."on" CT ikiti j^iyi jt off" " CT ikiti 

Uic , LED ^j-iiaJI 4_JL>- jj^-'j— Lj SW2 J SWi (j^vbi-tl ^jJbsJ j^-— 1 * JLClvI J^-— 1 'fc»^y .1 
.JlvIj jf'ON" (jtl j-lJu » C7 -<Ja.oj J^.'^ 1 i' OFF" " (jll J.J.JU LiLajo -ijjIjJI <jL 






yjtfil -iyaJ! 






Output jrj^Ji (j^jLaitJLI Binary .ij^c ^^ ♦ j^ ^LzJI CjLlJI J^-^uTu (V- i)Jjju>J! J-c=>l .V 

.LED ^ ,jJI ^^ '-.""•" ^3 





Inputs 


J^ljdl 




Output^ — 


^^^ 


A 


B 


SWi 


Binary 


sw 2 


Binary 


LED 


Binary 


OFF 




OFF 








OFF 




ON 


) 






ON 


> 


OFF 








ON 


\ 


ON 


) 







(£- DJ^xAlls^SbiiiivJjj^tCr- i)JjjL>JI 









Lft^L-GOjJJ V1A1 Q.QJ.A1 XOR jrpjIjJ a! JJeTu-uL I JlAj (0- 1) J^i mJI Sj-jljJI CoO^apJ <°> .\ 



Inputs 

SW3 SW2 SW1 

f f t Ji-ljJU 
C B A 



Output 

6 Y * f I B^X. 

LED i 



3 




-fJE5? 1 4 



.Ji.|jb»4j}ljCili XORajI.$j:(0- 1) J^n.t.tl 



<JUJI ojui I2_ 



l-Ui^^ • 



&&?. 



1 j C , B,A Jilj 



jY, 1 2JUJI oJui 4- f'J^"' -Y 



(j^=3j ( 1 ^j JjvjJI ) iJbll *jI_$JI J^ J^w J^>>o ( V jftij J>jJI ) Jj^l <jI^l!I £>=" 

. SW3 J SW2 J SWi ^UlLaJLa ^pLlo AJ^Liu ILusya C, B,A JiJ JlU 






yjtfil -iyaJ! 






.C,B,A J^Ijl* 



Inputs JS-ljJtl 




A 


B 


C 



































































(0- i) J^xAJI 2^lj iijiv JjJ^ :(i- i)JjjL>JI 



f_$j (j^o ^>L)^ Xia-ml^j (>Jl^Jl^ tiit J yCOiv <jI^j *Lb ^j''l^— ol (o- i) Jjj^>JI aIjlscIu-uIj o-ul 

NOT i OR jAnd 



A 


B 


F 1 A.XOR.B= 


A 


B 


A.B 


A.B 


Y^^B^^B^ 























1 














1 

















1 


1 















.(o- i)JjjL>JI 






p&j (jr U-«J! c-ojJull 

Half and Full adder 

: (jyic 1j-sLJ2 4jj_»iI]I jufc Jlsu <_jjJuil (jj^-ij (jl 

^jji>o (_P-Ji <jijLjI^j a i jLjeri_i.uL riaii acider ^o t^aiii *_ai_j>ji sj-j1.s (_ya_»L^ j (JjJlJujj < >f j^~~ij3 . ^ 

. ViAljVirYjVi'A ^tjJJ! L^ 

jXOR^u^ijLit^LFiill adder ^jl^zxJi ^l^i 3j^i^ ^^^^ j j^i3 j c_^=j3 .y 

OR. j AND 

.jrd^j^^li AND^LI^^^^I^^JIjVi'A^jp, .Y 
.jrUiwj^^li XOR^LI^^^jI^^ljViAl ^j>i -V 

.Switches imkia^ur .1 

LEDS. AjjjjlaII CjIjijjIjlII ^ Y _SJlc .0 












.ViAl e Vi>A 



SWA, 



5> 



^> 



% _ % 



EJ^il 



.Ground 

■ u ^.^;tl yUJI s^su B J^jJLL SW 2 jA j^jJLLSWi^pUiij^j .y 

U a ' a '' II *_«L><JI BjjIjJ ^out J ^ ^J^-^W ** -''J ' t^-il-Sjjl J-!l (J-*^J -V 



J^ljdl 

Inputs 
A = SW, B = SW 2 



Outputs 

S 



S^ 



(>- o)J i j^>jl 









^lORjANDjXOR^bl^^ljL^i^LCY- o) J^-, ail iLa^U s^sijji «. m^-^l ^ .v 

. ViAljViTYjVi-A ^SIj^U! U^k ^jl^ 



Sw-i 
Sw 2 



3> 



X> 




% "% 



(Y- 0) J^.t.tl 
.Ground Cr J=jVL V ^j L_aj_k!1j VO Jl^JL ^»o><i i_k=J ^ i ^j i_aljJaJl i_L^>L> ^ .A 

(J_^ji ) C in Ji.j^ Cr Li SW 3 jB J^jJli ^k SW 2 3 A J^jJli ^k SW : ^pUii J^j .<\ 

.Full adder u \^\\ ^uji 2^1 jj 
.LEDS ^^1 cibjjl jJL Cout j S ^jUai J^j . ^ • 
jSW 2 j SWi ^pLiii ^-^ dUij Full adder ^i^ti ^uji s^b J^j jl. jj^ ^ . u 

(Y- 0) JjJL>JI 4. Ifltxijll ^LojVl ^k. SW 3 






yjtfil -iyaJ! 






JiJjJt! 

Inputs 

B 



. JjJ^U Cout j S z ju£.Vl ^ ^LlUI J^, . 1 Y 
Outputs £jL^ 



(Y- o)Jjjl*JI 



7=-*^ J S ^gj-iTu-tJ I J (^LuJI *_«^><JI JlC.I^J2 *_<a Jj^l^Iu I j^** (Jj^LsJI 5tJLiil! (J-& 






bits parallel Full adder t 

bitS 1 ciLu 1 jj igjIjSU ^l^-itl ^aL>JI 2^5 b ^ egjl^ ^tj V1AT ^j>^ J+i-fej J^>J -^ 

.parallel Full adder 

.^j-^lJI fLkUl J! i^lJiJI ^LiUI Jj^ .T 
.^Lb £ jjs ^yjLo j-aL>- (jyic l$>^J tP-"j VI AT 4r»oj_<i . ^ 

.Switches Lmki* ^u* a .y 
LEDS. i£y±>i\ cjI^jjIjJI ^ _>jlc .y 

: £>^ 

Aq A^ A2 A3 j_& (Jj^?l ^JljlJI .<J1jLIu £ ,j_<s Lc^la JljvIj J-^a (JjJ=uj (jj.SJuC. *_ <^>o cjj>\ JlJI oJl-A ^J-23 

. Bq Bl 02 B3 J-& (jyJlill -SJl*J1j 

(jj ^-n ■ C4 J S3 j J2 j Si J So rjLieJ.1 J-J-C 4_jjj_*iaJI diljjjljjl (j^-ic. *_<^><J1 4_a=_u J j_glajj 

Sq Si S2 S3 .O4 ^LclII *-«^><-JI J-^aLv 









B 3 B 2 B., B A3 Az A, Aq 

0900 0099 



r 



4 bit binary 

full adder S- 



"¥ 



V 



V 






V 



Outputs 



(>- 1) J^ All 



.Ground cr ii3jVL> ^ y ^aj ^jJaJij vo jl^jl l>o^aij *ij i_ajiaji j.u.^b ^Sj aj jjuJ taut . ^ 

.Switches ^2kiii ^pUiL. B 3 3 B 2j Bi j B 0j A 3 j A 2 j Ax j A J* I jJLI J^j .y 

tubjj|jLjiC4j S 3 j S 2 j Si j SO ^jLiaij ^^^jVb ( >TLij_uji)Co j^jaij-^j y 

LEDS. ^j^l 

(J-Acll <. i i iiL-ill *_JsjJI 2— xjjUII *-ju2^i tiJJjij .CjLu 1 ji ( _ y l^aJI *_aL>JI Sjjt-S (JjJlJujj 4j Jl*jj aJ2 . 1 

.(B Bi B 2 B 3 j A Ai A 2 A 3 ) L^^v jl^^oJI j!jl£.Vi 






yjtfil -iyaJ! 






A 3 A 2 Ai A 



Inputs 



^jJkxll 



B 3 B 2 Bi B 



^i^=ai 



(j;j-i«J! 



Outputs 

C4 S3 S 2 Si Sq 






^^i«J! 



0" 1)JjJL*JI 






bit parallel Substractort 

.^Lb i ji ^SLfill ^-jLLJI s^Sb J} V£AY CT L=JI j^UJI i^-.i Jd^ -^ 

.^LlLII aI talll 2_ rj-taJI 4_lL<ui ?Jlj-4 ^42 .Y 

.^j-^aJI fU^J! J} ^LzJI ^LlUI Jj^ .Y 
.^Lb iji^SLill ^jljlll ^aUJI ^ ^jl^; ^Jlj V£AY i^ .> 

.Switches i^kio^pU^A .y 
■LEDS<->jj.^i cjIjjjIjJI ^ £ jjlc .y 

.Not^Ll^^^jI^^ljVi'i S^oj-i ■*■ 
y3JI Vi-i^j^j V IAY^j^ LjLir- , „ « Q - V) J^ AJI 4. o^^jll ij^\ jJI y-^=>b ^-a 

.NOt (JH^btJI J^'j-S (jyic (^jIoO 

: £>^ 

L_LaJ2 . Aq Ai A2 A3 <^Ljj £ jjs JJljlII ,j_<5 Bq Bi B2 B3 diLu 1 jj JsJljlJI y-j Laj cjj>\ jJI oJLji ^J-Sj 
Bq B^ B2 JiJl-*J1 (j n ^-ir *_^s Aq A} A2 A3 JsJljlJI J-a^o <-£lbj J-*^-" 4_lU.c J! rj-taJI 4_lLct. Jj^cIu 

.(\Y aJ2j i_3jia]l ) Cq j-l£- Jl^Jj ?c3l-tl! ( ^j-^ajj B3 

jj-stii Lgik^i^j ^ij S Complement' y ^Lzji J^=jli ^Sj^ ^4*. Lu+a jjt Jj^ui 2jj=lsj 

Bq Bj B2 rjjlall CjLu J=j (jn^r ) ^.sLvVl Jo^tl JL>*L tilbj £-<^>JI ^A*-* 1 (J! £>^' ^ L «- c - 

a^^i^S 3i S 2 iSi i S ^jUai c ^i^iiJi > ^3.jL^i i j^ijB 3 ) l'S Complement 

LEDS. <£y±i\ ^b^ijJi 









B 3 B 2 B., B A3 Az A, Aq 

0900 0099 



+^ 



+^ 



-o-^ 



-O-is 



4 bit binary 

full adder S- 



V 



V 






V 



Outputs 



0- v) J^ Atl 



*■ liaj^a j— A I — «j= 4-=»<Jj — liii! 4— La r-jj La 1, 1 (Ja* I J^_o ^ I A3 j A2 J A} j Aq (_)i*l Ji— U J— *-^J -Y 
Lc=j 4_^jj_JJl! 7-jj_La!1 JiJjLo J| Not CjLIjjj_lc JJ3 j JJ2 J B^ j Bq xuliil J J^— iSJL 

C4 j S3 j S2 J Si j So rjLstUj VO 4_jJl*2!1 Jl-£^o Y *s_J2j i_3j_LaJI )Co Ji^jJll J-^j -Y 

LEDS. iu^JI cibjjljj! 

Jjq -t^l -t>2 B3 7"_jj-LaJLl (J-jILcIlJ (. 1 ( iiLLU *_iisjJI ^_ TtjjLim *_iis^j liDij cj^l JlJI (J-L^-iTajj 4jJl*jj <!k . t 

Aq Al A2 .A3 4_La rjotaJll J 

0~ V) Jjji^JI S3 j S2 j Si j Sq 2Jla£.I (_,!£. ^jLuJI J^-u .0 






yjtfil -iyaJ! 






Inputs 



A 3 A 2 Ai A 



^^i«J! 



B 3 B 2 Bi B 



Outputs 



^^iiJ! 



V 



tJjA*l\ 



(\~ V)JjjL*JI 






Comparator ^lill Sjib 

: (jlc Ij-iLS <jj^*l1!I jufc Jlju <_jjJuil jj^-ij (jj 
(JjL2j 4JI (j?J-*j La , tijLiu £ ji (jjLLo 2jjI J (jyic ^jIL>o (_y-!'j riCyo5V£ 4_=>oj_<iu (Jjjuiujj (_Lj^3j3 . ^ 

.tliLu £ (j_<s Lc^la JijvIj (_|=3 (jj)^— i"ij (Jj^Jlc 

(Jj^Jl^i (j-A_> 4_JjLail 4-Acr. (_5-lLc. Jj ,^,~-tl 4_jjL=uaV riLyOjVi pj_j (j_a ,j-GjJ:I.S (_Lj_^3 jj j *_j^>«j .V 

.<JljLlu A (j_a Lc^_La JljvIj (_>=3 (J^=xjj (j"4»->l-<j 

.Switches uLi«^5ii«n .Y 
LEDS. LiSj-L^Ji cjI^jjIjJI ^ Y jjlc .y 

.VO ^£. ^iMaj j-gTu-u-a Jl^3- jJjjs . £ 

(_,_!£. tS^>^ cy-!'j HC85V£ 4^0j_<i -aljL-e."i_ 1 . u L (\- A) J^ m.II 4- A-se-iia^JH fij^ljJI L_<_j^=pJ *Ja 

.<J1jLu £ ji (jjLLa 2j^l-i 

Ground. C3 _ii 3 jVL> v *ij (_aj_LaJij Vcc -H^\ j jLt ^ a ^ ^ "^ (*^j <-a>t»JI J-^jj <u1«jJI t aut . ^ 

.VO jl^JL Y aIjj Cr J3jVL £ aSjj Y aSj c^ljJaVl ^^JLc i^jlbo <_P-!I <JjLHI J^ljuo J-^aj .Y 

\ ♦ j > Y j \Y j \ o l^i^LVi tpiju U) A ) A Ax A 3 A 2 ^julji ^ ^^i^; j+i\ jiioli J^j .y 

La ) B ) Bq B3B2B1 JsJljlJI (_, If i^jlbo (_P-JI J^ljdl J-«^>JJ Switches S-LaiaJLa 7=jjLL<3 ^jujL 

.Switches ^2ki« ^u* SjujL <\j u j u 3 \ u*\JJ$\ ( juu 

~^±j±> ^l-s^b <>* ^Mib ( V f>_2j ) A<B j(l (4 ij)A = Bj(o ( ,ij) A>B jrjLki! <_U^j . £ 

LEDS. 

J A.Q Aj A3A2 (Ji-I jJLI (jr-lLc. i_£jJ1>«j (_P-II ^jjLHI *_Js^j tiUij ^jjLail 2j^l-i (J- l^ -i T ujj AjJUiIu aJ2 .0 

. j| jlcVi £* v ^Lni ^Jl ^LijVl 4. B 63626! 
£A 









• 16 



Inputs 



A 3 —£- 



B - 

B 2 - 
B 3 ~ 



COMP 
74HC85 



A>B in 
A=B in 
A<B in 



A>B 
A=B 
A<B 



~^5 



LED2 



"^ 



0- A)J^xAJI 






yjtfil -iyaJ! 






( \ - A) Jjjl^JI A<B J A = B i A>B z jlahi ^ ^LiUl J^ 



A 3 A 2 Ai A 



Inputs 



tJjJlL*l\ 



B 3 B 2 Bi B 



^^A*]! 



Outputs 



s^ 



A>B _. A<B iii*5Ui 
r> 



(>- A)Jjjl>JI 



I JLjij HC85V£ (j^^*^-^ (*l JtidLiJiL (Y- A) J^— iSJI 2_ i*_j3jil 4_Li_^ji!L *s_aj 4_jJl*2! LaL>f .1 









/\y_ 
^3- 



e,- 
e 2 - 



A>B in 
A=B in 
A<B in 



A>B 
A=B 
A<B 



Inputs 



A>B 
A=B 
A<B 



(Y- A)J=^iJI 



n ^* ' 



^ LED3 ^ 



.Ground Lt ^ j ^l>j vo jl^jl (j^^ui >l=j v ^ j3 \ i ^j l^i^LVi J^.j .v 

j_& I o^ MSB i_jjLi!l ^joj—caJI 4_JjLLj JiJ Jl_<u LSB JjVl 4^oj_<iiJI 4_JjLLo rjUw J-^J .\ 

MSB j ) (B B 3 B 2 B 1 B jjuJJ LSBj ) A A ) A x A 3 A 2 ^j^JJ LSB j^l j^ J_^j. ^ • 

.Switches Ju^ki* ^U^) (B B 7 B 6 B 5 B 4 ^juJJ MSBj ) A A 4 ) A 5 A 7 A 6 jjuJJ 
ob^b <>» ^Mib A<B 3 A = B 3 MSB) A>B) uiiiJl ^^-iiJ ^jLsll ^jU^ J_^j . i \ 

LEDS. ^j-*i= 

.Jjjl^ji ^^ 2_ A<B 3 A = B 3 A>B zju^I ^ gSbui J^j(y- a) Jjj^>ji 4. 






yjtfil -iyaJ! 






Inputs 



Outputs 

A>B A = B A<B il^}U! 



(Y- A)Jjjl*J( 




4-Ojt ,,,tl A-_U,jJI A-^lUII 
^j^all L-JJjJjilj ^jiill 'tjW'lU 4_dl*Jl Ajaujjj-all 



jji 



i 






i 



suayi^ijiji 



4-L*-i^jfcl]| j^IjjlJ! (jr i^. <-jjL?tjil ^-Ij^J 







Decoder 3^1!^ 3^!j 

:< JT lc lj-iLJ2 4-Jj^fcUI tfjui <J^L»- (j-a <_jjJl1JII (Jj^-ij (jl 

.viiY ^j^ ^L^f ^lJI Decoder ijj^uitii^ z^sb J^j; j y-^=j3 .^ 

2 j a uul\ tils (ij-il-S (J-L^-iTaJ IJlj-<5 f«-£2 . Y 

.aj^AsJI L^-JaJ Jl 4_jjLjiL!l aLSj^/I (_k>^J -Y 

.( 4_)!_^ Y (j^j £ys CjLiIjj^ ♦ AjjeTL^uJ ) NOT VI' £ j^lj-i 7=^'j-^ <>« Y -SJlC . ^ 

.Switches^2kio^_jjLL<5 £ ju^ .y 

.((>- \) J^lAJI JjjJ^O V££Y Bj^UI^La^j^ .V 
LEDS.^jj'MI cjIjijjIjJI (^-a ^ ♦ jiJlc .£ 















.vo ^^ 


^j^Lc^j O*^ 


Ju^l/J 


.0 




7442 


7404 


3CD-to-decimal decoder 


Hex inverter 












Try 




iD^cc 


*i [Z 




IK 


][]X 




y i [I 


!HK 




2|T 




T7] B 




4 2 [T 


IE ^6 


Outputs 


"E 




j7]c 


Inputs 


4 3 [T 


jlK 




4[T 




jT]£_ 




>3 [I 


J]^ 




5 [T 




]Tjr 




gnd[T 


En 




[IE 




]o]8 
31 


Outputs 








gnd|T 


















ViiYjVi'i ^\jJlx()- \) J^,,t,tl 









j^SW 4 jSWi, SW 2 , sw ; ;.;U;, £^LLo UjjL D 3 A, B, C <u5LuJ! JiJ jdl J-^j .Y 

ViiY. l^jj-JJ \0) 3 )i ,\X ,)Y )J^jVl 

.Ground <^jVl a ^j J^jJij vo j^i jj,^<n ^jpja > "i ^j j^jJi j^j .r 
^^ JjjIju U j ^ \ <\ , V , 1 , o , £ , T , Y , V££Y o <^>«i g>* J^jf <> k= J^=j . i 
. V£ » £ ^>^ U^ lSj^ c^ 1 NOT ^>i^j^i LED 

. C3 _^jVLV ^j J^jl j VO jl^JI jJu^a^j V£ ♦ £ ^jj-iJ ) £ ^j J^jl (>o M== J^j .0 

LaJiic JLaSJ £^=u*ja (j_^=»j r-jUell ojui (J=3 jj^? NOT fijjlju V££Y ^jLie^ ^ J==3 Lls-ul 

. ( _ y iLaitl j a uaJI (_£i LOW ^Qaj^ (Jjj=lj 
0VU0.VI <.,,„■> SW 4 jSWi, SW 2 , SW 3 LmkUl £jjU1I JjJmm fU 2j^l jJI ^J^ ^ .1 



Binary inputs 



LjSUfJI J».|jlXI 



SW4 SW3 SW2 SW1 
A ^ A A 



Decoder 
7442 



Decimal outputs 



<LjJ-( ! gJUl p^jljtJLl 




A&_ 



A& 



^g_ 



j£L 



^ 



-j£- 



^_ 



A& 



j$L 



j£L 



.Sj-iAJIiiliS^SbtCY- \)^<\\\ 



Ill jjl j.UI Ja ujUUUI^I 









Binary J^Ij^ 
Inputs ^l_o 

SW 4 SW 3 SW 2 SWi 



Decimal sj^*i\ £>**' 

Output 

<\ A V 1 £ X Y ^ 



0~ ^JjJl*JI 






Encoder ^A&ilS^U 

. V£UV i^A ^JuUls^Sb J^i3 iV ^j3 .> 

.Not <_yij ^L>I_jj "I (^ i^jl^S <_yJlj V £ ♦ £ 0.0^ . > 

.j a mi 1, 1 (jyic ^^iL>o (j^iJ'j VM £V o»oj_<i .Y 

.Switches £_pLLa<\ ^j^ .r 

.LEDS ~*-&y±> CjIjijjI.} 1 .1 



Ill jjl j.UI Ja ujUUUI^I 






NotciUjjj ViMVjrt .Ml ^>o>i ^Ijl^i^L liUij - 1 ») J^.MI 2_ o^jl I 2^1 jJI c-4%^ f^ 



_LL_ 



_12_ 



■o 1 
O 2 



-J3-0 3 



sw 2 - 
sw 3 _ 

SW 4 !— rf 4 

sw 5 2_q| 5 74U7 



<3 7 



sw 6 =2 

sw 7 

sw 8 ^-d 8 

sw 9 lfi-o 9 



O 6 






-D- 



ND 7 



(>- WJ^.Ml 



.. 150 ohms 

1S * f D wv^ 






^ 



-AWW-- 




CJ^ 1 



I ,»LJ2j^l Jj^elu 2jjI jJI 0jJb (*>^ 



J^jVl ^^.Mi J^ S^y* c^ 1 <-M»Mj Ground ^j% J-^>* Switches 4t,„"tl 

■ J^MIIg-4 



ijJti 



J^^u Not ^ ciUjj f ' j£^-V i^UJi ^n ,,,- liU jj ."" • "" ^ akui jJ-^ji jl LOW (j^iijjii 

ahIjjjIjJI 3*L^Ij Jj*<M ^L:=uo)? V0 ^aU;tl j^iyi jf High J| ,k,Mtl ^jluJLI 
^JLJtUI j^^>o V£'£ s^SUJU ^flj-talljViMVS^SIjLJ H .-flj-Ull J-^>jj *-jJJ£]| I ;UI .) 

.Ground ^jVb vi ♦ £ z^i jJv jViuv s^sijj a ^j ^ji^Jijvo 
jC jBj A L^jLkaj J^a Ml ^-^^^ U^= ViUVjiljuj Switches ^pLUi J^=j .Y 

.Not Cy AUI cjLI^j^i a^aJI cjIjjjI jJL D 



?l j) jl j.ai CT iAujb^Ulj^l 






^L-llII JJljlJI (_y-*j La *^ AUa CjIjijjI JlII (J-=3 4_!L=»JI oJLji 2_ jj ^—"j .3jJsl jJI (J-ia-iujj 4_j JJtlu aJ2 .V 



0- ^ 


jjji^ji ^^jLc »jLu]| J^=-"j «j-<5 j=3 4- Switch ?-Lll<5 j=j j < ~«j j-u^^ *i . i 


Input 


Outputs ^juai 




"ON"j! "OFF" 


O.O^LzJI^jJI 


D 


C 


B 


A 


D 


C 


B 


A 




"OFF" 


"OFF" 


"OFF" 


"OFF" 










\ 


















Y 


















r 


















£ 





































1 


















V 


















A 


















<\ 



















0- WJjj^JI 






1 ^ *^9j i _ y JU-«JI t_jjjju]| 

Encoder - Decoder Circuit 

jj_Aii ^Ijl^l^l Encoder - Decoder 3jj_^ dLisj j a a a gj-Sb p^^^^ ' . ■ ^j 3 -^ 

.ViiVij^iJI dLLy ViUV 

.viiv jjj^Ji j^ai^ ^ Segments v ^j^ ^iLi Jj^jj .y 

BCD, jf ^L£ll f LkUl J| ^j-^*11 ^ LkUl (> A-uj/.^ II u^ Jd^' -V 

.Segments v *ij^i v ^j^. LiLi Jt BCD ^j^LinJl dii <Jun ^ .1 

. BCD Jl l ^ J ^I^^A-s^b^^ji>^^ljViUY^>o > A .1 

.Segments v^i^fvji BCD ^2j-Lidii2^ij^ ^ji^^ijViiV i*^, .y 

.Not ^ cubl^ 1 fjc ^^ jil\ 3 V£ ♦ i i^jJu .X 

Display 7 Segments ^Ij^I v ^j^ ^iLi .1 

.Leds ^>ci ^bjjb i .o 

.Switches £_pLLs<\ ^j^ .1 

.\ * Q 5_4jl 4_<Sj|jL<5^ \ .V 

.V0 ^yic rfJa-Laj j-a Tm i-a Jl^jv jJj-a .A 









■jjrtutiti Ld^jjjrtiViti LiLul! ajjL^iji aj*jiiji aJjUI Segments v *l>v! v ^j^. 4_^Li j vivi SjjAJi 

J}L>. tj-a 4_La Jl-==L1!1 ^j-a 1 m^-i <n I j_Aj BCD J I i^j mi til ^j-a J-j^relJI <j_a V£ ^ £V j_a_jill aj-2j 

V ? l>4 V 'cjAA J\ BCD ;> Jj^fltUI (> ViiV Sj-*-^' ^-« f>^ cilli Juuj .ijujVl 4-j^JI CibjjIjJI 

.b>A^ i*jiui o^j^ 6-« lii^fli tpJl Segments 

V (^jlaj-c 4_iiLi (Jill JijjI J_! j ua " (jj ^~*„' L)' i* ■! ' ' ",' L^ 1 -*-^ jLuJI JljJlj>iJ ^j_a 4-ajLJcTLi.u.U (JliLajLSJLl aj_2jj 

Vcc I VCC I + 5V 

| 16 | 16 

Anode 



sw, _ 
sw 2 - 
sw 3 _ 
sw 4 - 
sw 5 - 
sw 6 - 
sw 7 — 
sw 8 - 
sw 9 - 



D 0^- 



! D | 8 






(JiAall 



D 8 



a o ,AAAA- 

bO^-wVV^- 

c o^VWNA- 

7447 d o^-WW^ 

et> 1 WW^- 

f Am^ 

go^WVV- 



# ^ 150 ohms 

D h^ wvh 



-H^ — vww 



I 



bcd s^ls 2:^^ 



•I I- 



^^ixJl ^^i^all 



Ill jjl j.UI Ja ujUUUI^I 






vi'ijViiv j VI UV ^sij-iJi ^« j_^ii Ground ^jVi jV cc ^l jl^j_^>j .y 
.Segments v l^lu Anode v^ 1 y^' ^-^ vo j^i j^jj 

Segments v *ij-^-i v ^j-c 4_iLi ^^ ♦ ^_aj jj^k jtvnti <>o .SjjIjJI j^JuIjj ^j^> ^ ■ *■ 

j-^\ jJj j^vij Switches ^pL^ii <>-* J_^= "" • "" /\ Low ^y. ,,,1,1 C3 _Jk: J^_^l> ^ .0 

.0- U) Jjjl>JI 4. l^d*. J^UJI^LlUI J^^o3j 



Input 


Outputs jrjL^I 




BCD 3j-i.ru 


Segments v ijAA 




D 


C 


B 


A 


a 


b 


c 


d 


e 


f 


g 




























1 


























Y 


























Y 


























£ 





















































1 


























V 


























A 


























<\ 



























0- n)jjjL*ji 



&lUll«Jt5-jJI 






Multiplexer ul>£ll£«ft4 3^b 
ni ^ (_p-j;! (Multiplexer) ^l:lji ct 2h« jf di^isji £*** J^3j j^^ . i 

.Vi > o ♦ i^jp U^ l£>^ lt^' t-atjioVl Jj= u^c l^>jju1\ .Y 
Vi * i. o»oj_ii L&iic. ^jl>o (_pJI (JiiLl^j aTli-oJI (j-^-tia (jjo NO 1 4-j'^j • ^ 



.(0" 



. Switches^2kia ^Li* i .y 

LEDS. AjjjjiaJI CjbjjIjJI (j^o Y _SJlC .1 



7404 

Hex inverter 

A*Y 


















74150 
16-input 
multiplexer/ 
data selector 

Data inputs 


6[T 
5[T 
4[T 
3[T 
2[T 
'[I 




IK 

a]r 

I] 9 
ID 10 

III 11 

J9J12 

]D 13 


Data 
inputs 


y i [I 

4 2 [T 


3 t 


Sit 
ZD 4 e 
3D y « 




•iE 


JlK 




ICE 




ID 14 






gnd|T 


H y 5 

2* 


Strobe [T 

Inverted output tV Ho" 

Data select DfiT 

GND[£ 




If]!" 

TT]ff 


Data 
select 






















5 Vi^o* jVi-i c 5l > i:(>- \Y)J^iAtl 












^ULuJI J^U 



— 

— 2 

_ 3 1-16 

4 Multiplexer 

— 5 



Data inputs — 7 

_ 8 

— 9 

— 10 



11 74150 

— 12 

— 13 

— 14 

— 15 
Strobe ^ ^ _, 



SW4^D O- 
SW3^C O- 



SW1^A O- 



"fe- 



"% ~* 



Outputs 



Data select inputs 



.Multiplexer ^l:lji j_*^ z^b :(y- \ y)j^=^ji 



JU^ Ji-jJii I jla J? Ja».V .ohjj^sji Jjt.^j ia^rn ojjji ^ jji Enable input J^IjJLI - ? 

(LOW). * «QajS (j^=iJ LaJtic 

. V i > ♦ ^oj_jJ W rjJ»JL» ^JLaj^ o>=^ 

.j^j^ ^ i u^j^i ^ij ji.jji ci^ j! Data inputs ^l:lji j*i j^ - £ 

<> In^ol NOT jl ^^=1*11 s^Sb pi jiiei^lj .^j^t a 11^ c^LlLJI ^lc W jrjJJI 2_ J^^j 

10 



Ill jjl j.UI Ja ujUUUI^I 






■j Mir aTli-uJI (Ji-ljJLI j_£Jl>-Lj (jr alaJLl I T-Llail 2j_a (_|=s I^_ J^aj-Li-u 4jj_»iI]I oJJb (J^lS-j 
^ Y aJ3j (_3jiaJ1j VO Jl^>JI jju^a^j ^o^ii! Yl aIj i_3jiaJ1 Jj^ajjj 3jjljJI < uu£=3jli <1 .Y 

.Ground ^/Vb 
. Switches^kio ^u* iuujL D jA,B,C <_aijJaVi J^j .r 

. W ?:jJ»JL Lji-Luajj Jjp ^Jl «l_Ll!l I§_ p^— seliJI '"'Ij''!^— *l L&iic- L^i^* 1 -* 



Inputs 



D C B A 



Enable 
input 



inputs Data oULJi jiJjL* 



Output 
W Y 



aiAjL^Ij^JjJi^O- >Y)Jjjl*JI 









Demultiplexer uI>£)Ijjum 3^!j 
3 j^ j^ ji (Demultiplexer) ^ulj! ^» j! cUiiii ^ju^ jj; ^ J^j3 . > 

■VI ^ o 1 ^j>^ L^lUi l£>^ Jti\ t-aljIaVl J^= ^yk, u-ajjLlJI .Y 

.(0- \r) j^lAJI Jjji^]) vi^oi^QLuJi^j^a^j^ .> 

. Switches^2kia ^pu^ o ij^. .y 

LEDS. <jZ^\ tubjjljdl <> n jjl£. .r 



^ ♦ . Q 4_aj|JLa .0 



^ 
^ 
3 



«>„ 



£ 
£ 

£ 



74154 
1-oM6 
decoder/ 
demultiplexer 



prrr 




"K 




tq: 




"23~|^ 




2|X 




J2]fl 


Select inputs 


3|jL i 




TT]C 




aq: 




~20lO 




srx 




!Z]T? 




*(Z 




78] G, 


Inputs 


tq: 




J3~B 




bq: 




7T|i4 




sen 




3Q!3 


Outputs 


rorrr 




17112 




MDpr 




Tgn 








jVnoijVi-i ^lj-i: 0~ \Y) J^lAJI 









.Vl\ot 

.Ground ^jVl i Y ^j L^jJaJlj vo jl^>j! >>^<n ^^iu yi ^j lj*J*i\ j^j .y 

SWi, .ioiklo ^pUo LujL YY )j YY,Y^ ,Y« J^jVl ( D 3 A, B, C p~=^l\ lj*\J*} J^j .T 

SW 4 . jSW 2 , sw 3 

L^u3i^ NOT^i^. \v, \-\ ,\o , )t, )r , \) ,)-,\ ,a ,v ,-\ , o , t ,r ,x , ) ^y^= J-^j ■ i 

.LED (jyjj-*^ Aw' 1 -^ 
( rjLitii J^j' ) J^ ^ ^ f^j <^ji\ cy^ ^^W-" J^-^ 3 r."^ cr-^i ct^j^^ ^ *■ (*\> J*>^' J-^i -° 

SW5. T-LLall j_lc ( _ y 2iaJLt I j-a-uaJU «LJLu-ajj fO"^ 

*j ■"■•<" Cjulu1\ t^JkJI <Jl)lj_iJ2 Lg-<-« UJ^""" 1 **'"' 
+ 5 V Outputs 



SW5 -< d G1 



19 

r 



Demultiplexer 



~~0~bJ O Tinr 

3D- *^ 



4 D-5_ 



15 > 
D C B AGND 



SW4<-D o— 
SW3<~C O— 
SW2<-B o— 



6 ol >~ 

7 D& >- 

8 ^ <Z 



1 ~ J > 



vP . ^ U ' 



\ W~ 



ZhK 



Z&L 



'Z^- 



J&_ 



ESf 



-5. 



\ W 



>- 



^g 



Data select for output 



Igg^s^btCY- \Y)J^lAJI 



Ill jjl j.UI Ja ujUUUI^I 






Inputs 

D C B A 

sw 4 sw 3 sw 2 sw 



J^la 






Outputs 



.o- mjjji^jij^? .v 



^ u 



\ Y X i o 1 V A \ >♦ n U ^V U ^o 







A-Oj* ,,,tl A-_u,jJI 2 ^Ul 
^j^all L-JJjJjilj t5 Jill 'tjW'lU 4-al*j| Ajaujjj-all 



I 



,2> 

3 

3- 



suayi^ijiji 



c_j^L^j| j^Ijj ^ifi. c_jjL?tl!! ^\j^\ 







: (jlc Ij-iLJa <jj^*l1!I o jufc Jl»j <_ijjuil jj^-ij jf 

^Ll2jJI JjJl>- <J}L»- j>o NOR c iLI^j iU,i,\^i S-R <_i>L2JI J-l<-.jj Ijl^o l ^. (_3jjl1!1 .Y 

.V£- ^.j^^Ij^i^L, NAND cibljj U^l^ S-R i_£iai s^b i.,,^ .T 

Jj jcv J}U- &A NAND cjLUj Ua^l^j S-R ^M^JI J .> ;,Vt f j^ J^. JajjOJ! . £ 

Clocked S-R. o^ljHI S-R c_i>UJI Jji ,1," fju* ^ l^jjOJI .0 

.NOR ^Ll^ ^ ^^1 j£\ 3 V£ ♦ Y s^Sb . 1 

.NAND ^Ll^ ^ ^j^J yjJIj V£ ♦ ♦ s^Sb .Y 

.( fijlj-aj-a (— il i^t jj ) 4-cL.u BjLil .1 

.Switches ^iiialo j-pLLo Y .£ 

LEDS. Lx^JI ciIjjjIjJI <> Y ^jui .0 













SW! <== S O- 



0- U) J^-i.MI 

. Vcc J^>J' j^u^a.^ ^ 1 ^j i^jiaJlj Ground Cr ^jVL i^o^Ail V ^j Ja*jJI Jj-»j . \ 

^bjj|jJb e j 2 ^jLUIj SW2jSWl ^»lm^J^ ^ILo^^jII RjS Jiljd! J-^j .Y 

LEDS. ^^'^n 

0- U) Jjj^l 2_ ia^^ll ^VUJI <_*^ SW 2 j SWi ^pLiil J^-^j ij% jJI ajj^ ^ -V 

.S-Ru>l2JI ilia. CillajaiXI J^**. 4_ LLw (> - U) JjJLaJI ^ gSLiUI Ja^u .1 



Inputs jaJjdi 


Outputs £jL^ 


SW! = S 


SW 2 = R 


eLEDi = 


2LED 2 = 


CiLkaOLs 














^ 




















1 






L^j rj)< ua^l 



0- U)JjJL*JI 
/!» * (j^oj-^ aljLJel^ib (Y- > 1) J^ uJI 4- iaa-JajII Sj-jljJI L-o^apJ aJS .0 









sw 2 < s o 



S\N 1 < R o- 



Jl^>JI j>Atr,<j\ \ i <lj> (_3j!aJ1j GrOlind CT JLbjVL O»oj_jil! V aIj (_3j_LaJ1 J^aj .1 

•Vcc 
Q 




(Y- U)J~=^i]l 



.SW 2 J SWi o^LLLw J^*<» 4- ^^=jll S 3 R J^jJLI J^j .V 

J^^j (Y- U) Jjj^JI 4 otxa^ll o^UJI i_*^ SW 2 j SWi ^jUII J^-^i 2>5I jJI ^J^> ^ -A 



Inputs 


J^ijdi 


Outputs 




£j^< 


S 


R 


Q 


Q 


ciLfc^M* 










l«^^ 




) 








i 










i 


) 









(Y- U)Jjjl*JI 









NAND c»Ujj Uj^it^^ (T- U) J^ Al L> ifltJLajXI (>ljJUI S-R ^M^J! SjJb i-'j^ihj (*-* -^ 



SW!^— CLKO- 



SW 2 <— R O- 



Ja.lJ-11 




or- iQj^Ati 

Jl^JI jjLua^j ^ £ aJSj t_3jJaJlj GrOlind C3 _ii=jVL 4^oj_<ii! V ,c\> (_3jiaJI J^aj . S - 

•Vcc 
.SW 2 3 SWi q^Lll^ J^ A] I 2- U^=, o^^jll RjS J^IjJLI J^j .n 
.( NAND crCbl^U lilpA^ ) J^.t.tL» £-^>« ^s> U== SW 3 ^lliXI J^j . > Y 
LEDS. l£y±l\ cibjjIjdL 2 j 2 ^jLStJH J^j .>T 

.JjJlj>JI 2_ Tctisj^J j_& La U.LU.V SW3 J SW2 J SWl ?e_uLall (J^j-iijj 2jjI jJI A^J.<Tl) aJs . ^ £ 









(v- u) Jjjl^i ^ cjii2^>uij jjuai 4. gSLuJi ja^, 



Inputs j^IjJli 


Outputs £juai 


SW 3 


SWi = S 


SW 2 = R 


G 


G 


ciLfc^M* 
















































LgJ 7-J <] 1 II fl J-LC 
















































L^j r^uul^ji 



(V- U)JjjL>JI 






D utf&^ljj 

.4 LlL>JI <JjJ^- <J^L>- <j- a -L' (-J^i-^JI (J-l^-iTuj I JljUJ (jyic i_3jjLi!l . Y 

.DV£V£ fjj ^ <^oj_,i Lajiielx^ D <_1>12 «J^'-i (_V^»^i ' .'.i^j" -^ 

■ VlVl^o^A! 4_Lq|J^II jjlLj lla\y^i\ JSjjJLl -aljiJeTm.! 4j^j^ .£ 

.V£ * A 4_=»oj_<i L^iic- L^i^* 1 -* Cr 1 -" <— »Wlw ^J^' o-aAND (j^ul^j .Y 

V£ * £. 4^o^_,i L$-Jlc i^j!l><j (j^iil diLl^j OjjJI (j-*-^ (j-a NO 1 4-jI^j .V 

D. ^ ^ (j^jMs ^JLi l£>^ eP-Ilj V£V£ o*j>^ .£ 

.SW 4 jSWi, SW 2 , SW 3 ^pLLaiJuji .0 

LEDS. 4_jjj_<^ji cjijijjijji ^ y _sjlc .1 

.VO (_,!£. ^iMa j-sTn-u-a Jl^jv Jl!j-<3 .V 

.( '"'I -^ <*' ) icLji .A 









7402 




7404 


0uad2ir,p 








*"*' 






A,[T 

s, [T 

GNDp~ 




«3n 

"T|4i 


*,E 

A 2 [T 

*i E 

-,E 

v 3 e 

GNDpr 




kit, 



















7474 






Dual D flip-flop - positive-edge 










triggered with preset a 






4,E 


"7 


fe]^ 


CLfl, [T[ 




J±]M* 




n [X 


itk 


D,E 




1T| cz_/? 2 




4,[T 


3S*i 


CLK,fT 




15] 0, 




v, (Z 


3D a, 


«?, n~ 




JJT] CZ.K 2 




a 9 E 


IDn 


o,E 




"To"1 />fl 2 




>i IX 


T]4, 


s,cr 




~n q 3 




GNDfT 


13 n 


GNDp~ 




"51 5 3 


















9 ViVi 9 Vi*A 9 V£*£ 9 £V 



♦Y^SIj-i-.O- >o) J^,t,tl 









Inputs 
SW2=D 



NORj NOT , NANDuLj|£^i>>D uiti 

a^ijdi 

SW1=enable 



P = £) g>a 



^-^5) 




.Dcj^LaJIS^SbtCY- )Q)J^xA]| 



J^jJIjVOjl^L Uj»SjJfl VlVt*A) j V£«£ , (VI » Y ^j^",,,,!,! ^Slj-^JI <> J^=xJ J^j .Y 

.Ground ^jVb v ^j 









.SW 2 jSWi ^ JiJjdl^VU^I ^.^0- ^o)Jjj^>JI J^sf^i^ljJI AjJLib^ .V 
Inputs J^IjJLI Output jrjjai 
D = SW 2 SWi Q Q 



\ 
) ) 












Asynchronous Inputs 
SW3 SW4 



PS 
D Q 



> CLK Q 
CLR 
— D 



^fil 



^fl 



i J«*Jluljia£ 



Outputs SjL** 1 

r LED1 



Synchronous Inputs 

.D c_j}Ui] ilalj^j^iJI J^IJlII flj^itl^l :(T- >0)J^n,t,tl 

.Ground ^jVl v ^j ^j_Lj1j vo jl^jl \ i ^ ^j-Lji j^.j .y 






j Preset sw 4 = iiaij^iij^j^ijJLi^^^a^CY- >o)Jjji^i Ja^?^z^IjJi;ujJuj^ .r 

.sw 3 = Clear 



Outputs ^jLiai 
Asynchronous Inputs 

Clear= Preset = _ 

sw 3 sw 4 ^ ^ 



1 









Clear j Preset ^ juj^l> ijlaj Clear j Preset ii^ijsil^ jiljdi j^^ia^Liib^ .) 
Clear.= \ 3 Preset = \ u cW,\\ j^iyi ^ j\ 

JjJu>JI Ja^=I fu D =(SW 2 3 CLK) SW 2 =SWlj SWi ^LUI Ji»"<"j Bj^I jJI AjJJLb f£ .Y 

.<JuaJI oIla ^£. ^jLUI (Y- \o) 



CLK,D 



Clock 

CLK 

\ 

\ 
\ 
\ 



Data 
D 



Outputs £juai 



:j^ 



CLK 

Q Q 

) 



CLK 



.<i*\y&\ J^ijJLi^JLv:(r- ^o)j JjL ^]i 






■ 4 r7Jr7-»JI (JjjL>- (J^li- (j-0 J-K. <_J^LiJI (J-lLiTuJ I Jlj-<3 (jylc i_3jjlLJI .Y 

J-K V£V\^LM2JI i^ai .^ 

.( iljJLLa CjI « >> j "> ) CLJv icLJI 2jLil .Y 

.Switches i^kia^pu^o .r 



LEDS. JuS^uJI ciljjJjill j> Y ^jui .1 



u^iUl >JljJ <^k UjL*I)l d 1^1 






(^L x_« J-K <J1iLj>L5JI (-alj-Lal LJiJlie^ Jxjuajl! ( ^ ~ S 1) J^i All 4- 4^e-^>U flj-jljJI -ajiir" in! 



Asynchronous Inputs 




Synchronous Inputs 



0- n) j^Ati 



. Ground 

. Switches ^Lll^ CLRjPS ^uij^nij^ J^ijdi J^j .Y 

ciii IcLm EjLibCLK itLcaJi Ji-j^j Switches ^LluJC j J iiaipil j^ljJt! j^j ^ .r 

LEDS. LjjjjiaJI t^iljijjIjJL Q j <2 ^J^J-' (Jj jLa J^ c^ •*■ 









0~ ^ 1) JjJl^JI £_ gjllill J^-uJ 4_LaljJlll j-t£ J^l jJLI j-iJu J? J-l^-cuTu aS .1 



Inputs 


J^ijdi 


Outputs 




£j^> 


CLR 


PS 


Q 


Q 


^Lt^u 














\ 








) 










\ 


\ 









0- n)jjjL*ji 
. CLR=l) i PS=l( <ia\jZX\ jjA J^IjJLI JJa-Cu ^3 .v 



Inputsj^ijJLi 


Outputs £jLUi 


i^LJ! 


JiljLXI 


^Lcajl ^^ JUU^JUJI 


^LcaJI ^^ JUuilUJI 


cU^^Lo 


CLK 


J 


K 


G 


G 







































































































































(y- n)jjjL>ji 

ii\_uj ^JLv jl (J^Jljj , j-^3j 3-sLcl j-^3j aJL>. c^JL=3 lit ,<_i^Ll!l 4_!L>. ^Ui^tUI .sj^r. ^yic J^*-<-u A 

At 









t^bJL^s ilalj^il j-j£J 4_Lolj^ll Ji.|jd1 iKn\i 4_!UJ1 ojui 4_ <J> . V 

CLR=l.j PS=1 , K=l ,J=1 



.CjJl^O L<3 JiUvVj (_/ 4-C.LjlJI (JjwjL^J (jyic 6 



j CLK 4_cLxJ1 CjI <>>y (_J^w_lT 









T u»! ^!jj 



^1 <juj2\ Cyv± 6-« NAND urt^!^ Lo, 
.V£> • 



- £>> 6-" Sr 1 ^ «J-^ D^^^i 4-4! 



VI • * l^j^ \jj\r l£j^ o^ 1 **£>^' C^^= <> NAND (jryjl^ . > 

SWl.SW 2 L^l^o .Y 

LEDS.^xjjjiaJI CjljjjIjJI £ya Y _>JlC .Y 

.VO (jyic rtbia j j-<Cn.u.a J^>- jJjjs . 1 

.VI \ • ^»o><i Ujlr t5jl>^ ^J! 4jMjJI (>-Lb (>o Ji.1 Juo AJ>b Cili NAND u^bl^ .0 







W)J^nAH 













Outputs ^150 ohms 

5^' 



.TcjMSJIS^SUCY" W)J^n, 4 »tl 



(j^b.oj-.ui (j-a j^-it Ground Cr j=jVL) v ^j J^-jVij vo jl^>jl > 1 ^j J^-j^i J^>¥ ^ -^ 

Clock. ^iLcaJI Ji-J^ SW 2 ^liillj T Ji-JdL SWi ^imi S^3 - r 









jlJufcjO- W)JjJi^JI J-c=jI rfU Cr 2laJil jJ^aJI Cy icSW2 ^LliUI C^j Bj^ljJI AjJLtb a! .£ 

Inputs Jiwijdi Outputs ^jLUi 

SW 2 SWi Q Q 



.(Y- W)J^n.Ml S^SbaSjS^ JjjL3>:(>- >V)Jjjl*JI 
5jl3 SWi ^liill Jji.*" J^ I jukj (Y- \ V)Jjj^>JI Ja^I fu CT 2kill Jl^I^JI ^ SW 2 ^llill C*jj ♦ 

."OFF" ^ 2jL3j "ON" ^ 
Inputs J^IjJli Outputs ^uai 

SW 2 SWi 2 Q 



(Y- W)Jjjl*JI 









^u 'OFF" ^ 3jl3j "ON" ^ 3jl3 SW 2 ^liill JiA 3 , u cW,\\ jA.MI ^lc SWi ^liill oJi ♦ "I 

.(T- W)JjjL>Jt J*^? 

Inputs Jiwijdi Outputs ^jLUi 

SW 2 SWi Q Q 



(X- W)JjJL>JI 

^"OFF" ,jc. 2jL3j "ON" ,jc Sjl3 sw 2 ^liili Jii j , u ?U;ti j^iyi ^ swi ^liili oJs • v 
Inputs Jiwijdi Outputs ^jUai 

SW 2 SWi Q Q 



(I- W)JjJL>JI 




4-Ojt ,,,tl A-_U,jJI A-^lUII 
^j^all L-JJjJjilj ^jiill 'tjW'lU 4_dl*Jl Ajaujjj-all 



>J 



i 

3 



a 



r 



suayi^ijiji 



Sj^jI jJlj tli>La- mllj till jl JuJI ^ylc <_ijL*l!l tlj^-j 













Counters ublJUdl^ljj 

:< JT lc Ij-iLJa <jj^*lHJI ojjt <J^L»- (j-a <_jjJl1JII (jj^-ij (jl 

.V£ ^Y 4r»oj_<i aI JiieIL-uL (j-aljJLa i_£JlcL-£1J .il JlC 2jjI^ (_yiirt2j (J-l^-iTujj (Jjj^jj . ^ 

.V£ ^ *\ Y 4^>oj_iIu a I jLJeTn-uLj (j-aljJLa ^jLa J I JlC 2jjI J (j^a^e^j ( J-L<.iuJj (J-Lia^J . Y 

. (0- U)J^lAJI Jlji^l) VlUY^^^jLu / ^j^iL^j^Ij^ ^Ijui^j^ .^ 

.( (_ il ihifs jJj^j ) icL-u . Y 

LEDS. 2fy.*\\ cjIjijjI.} i jiJlc .Y 

.(Switch (SW u ?W< a £\iA* .1 



74192 

Synchronous BCD up/down counter 








Input Datagp~ 
Outputs 




ls"| d Data 
TT]Clear_ _ 
13 | Borrow 
TT) Carry 
TT] Load 
lol C Data 
~9~| Oata 


Outputs 
Inputs 




Clock 


Count down | 4 
Count up | 5 




Outputs ' 

GNDfs" 













LakuajjiLLii^j vmv 2 



:()- U)J^=^UI 






^a>jijjij.ai 



Up Counting i-uUa^Ji Jutit 

. (Y- \A)J^xA]ia.o e ^»j:iS^SIjJ| tr 4%pj (< 3 .> 

.Ground (^jVb A ^jj^jJijvojL^ijjL^wVinY i^n ^j j».jji j^j .y 

.(Switch (SW u sMI ^bab w^Al] > 1 ^j u*J*l\ J^j .r 

V j 1, Y , T dalji^l <> Sb= J^j ij^lj (Clock) i^bJ! Ejbib o ^j ^aj-bJI J^j . i 

D. 3 A LEDS, B, C i^^i\ objjUb 

Jl*JI 4_lL<ui ^t1^3umJ I Jl&j (jr lLalX I j luaJI 4_a_jJ2 Jl (CLR) ^ 1 aJ3j Ji-jJll 4-a-iS JiJlv .0 

.( ^IjlaJIjj;^-^ , CLR = 1 Uju*. ) 



Cj gJU=.l, >.Vr , t t Jlsfcll 

Count up 



y 



Single pulse clock 



SW=1 Clear 
SW=0 Count 



-> 



Q D > 



Counter 
74192 



T 



¥ 



v 



V 



% 



EJ uai 



Outputs 



T 















Inputji-j^ 
(Clock) 



Outputs 



.0- U)Jjjl>JI 4- U-lUi J^L»JI ^LiUIJ.^^j^ .V 



(^ J^i 1 «.o > ^^ mi r J 1 J. 

B 



Aj^-iiajul 4-Qj^ll 









^a>jijjij.ai 



Down Counting <^}LuJ! j.*Ji t IkuUli 2b>*UI 



Count down 



Single pulse clock 



•" 



SW=1 Clear 
SW=0 Count 



— > 



Qd oL 



Counter 
74192 



~V% 



s^t 



.^JLUJI jL*JliJLv4.jljL*Jl2^lj:(r- >A)J^n,MI 



.Ground(^jVb a^j j^jJ!jVojl4>ji jju^wVinr ^pjn ^jj^jjij^j .y 
.(Switch (SW LT 2kni ^liiiL ^jpja ^ i ^j ^j-LJi j^j .r 

j 1, Y , T lJjIjIsV! <> }b= J^j l^jiTj (Clock) i*LuA\ SjLib i ^j ^j_LJ1 J^j .1 
D. jA LEDS, B, C tjS^I cibjjUL 

Jl*JI 4_lL<ui (>j=la1! I jukj (jr alaiX I j^LuaJI 4_a_»J2 J I (CLR) ^ 1 aJ3j JS-JlII 4-a-i^ JJlv .0 

.( ^Ij^lJIj,;^-^ , CLR = 1 Ujj^ ) .1 






.(V- ^ A)JjJl^>JI 4- W^Lc- J-^>l^*JI ^jLlill J^i^-^ (<u icLxJI JjJuijj ijjljjl aj JlJlIj a! .V 



Inputji-Juo Outputs jIjuJI jjU** 



^UJ!^^ 



C^J 



(Clock) " " 4_> vJ^tJt o^J! 

D C B A 



(Y- U)Jjjl*JI 






Cascading Counters 
Modulus 1000 Synchronous Up Counter 

. >♦ Lc^lo JLvIj J=i J-aU-o (^Ijlli (jyic- BCD (^jJiIJlC Jj^JJ . ^ 

A^ J! * (j-a Jl*j (^J-Ilj ^-l^aTl!! 4-iU-e. Jlaj 4_iic. Jj^a^Jll £ystjHl,l ^JlcI t-alll JiIJlsJI <_yiirt2 .Y 

V ^Ij^-i V u^j-c 4_<iLi J! BCD ^ ijAA j-u±2ui jiIjlc ^yic (^>b»o <_P-"j ViiV *jlj-<i V j>Jlc .Y 

..Segments 

.Switch u ?w,*£\2*A .x 

.Segments v *\y>.\ v ^j*. ^LiLi r u^. .£ 

Clock. <nUJI Cil.\n ijLil jJ^s .0 

. > ♦ Q 4_4_jS 4_OjL2-oY ^ .1 

.V0 Cy k. fjia-Laj j-alco* Jl^v jJj-o .V 

^ijjia ^j^iLx^j jiij^i ij^ijJi ojla uJij jj^i .Segments7447 v j| BCD <> 3jj^j,„ni, 






^a>jijjij.ai 



J^IaJI 




GND 8 



1 I 

t-alj-LsVlj vo LjJLilll jl$*j ViiV j Vim <> J^=J n ^j l^IjI^VI J^>>b ^j 5jJl 

.Ground ^jVb ^jrO^^iJi ^ 



iJI Lai=l .A 

L! A ^j 







3 (V££V) 3jn AJI olj ,,,A a JiJj^u (ViUY) cjIjIjljJI £jLi~> J-^>j A 

Clock. ^LcaJI cjl.\n SjLib JjVl Vim ^j>^J o ^j JjvjJI J-L^b ^ • 
j (VLW) j|jud]JL^!JL>o >J 5 1 l]o ^jJ^jdb(Vim) JjVlo*£^ U^j^^l J^j.U 

./ j *"""*** loJ I i • >■ t^a 0-4 fl_& 1 ^ *■-— ^ aIIj lU l 4^o v loU /Q_2 5 ( 3 \ La I I i 4_jjLij 1 4^o w-oU 1 Y fQ-2 5 ( 3 vUT l 

.Switch Ly iki a ^-Li^u ^Slj-i AisMiii \ i ^j CLRjjft.^-ti Jil ju» j^»j. > Y 

.Cj Jlj>o liLo diuvVj 4-cLjJI ' " ' I >iajj jJj^J (JJt-<lu. ^ £ 

. "" ^ "" xj^yi Cy ic CLR 4t-,,i,l^j ^tjutJI j-LQ-ual) aS.> 

.CjJl^o liLa JijvVj * ^yic CLR O-UJ 4-C.L.aJI <— il <iaaj jj^a ^J)j3j-t£.^ "I 

(jIoj^LJ Lajii^. V££V oj^LJJI dilj. Mi<i a JiwIjLa ^yic S Jl^I^HXI J3CL) *mJ9 ^^ La . ) 

S Segments v ^LiLi ^ lA\zl\ ^ISjVl 

£TY - I 

WY - t_j 

^0 - o 

..<\ - & 

iv - E 

YA£ - ^ 

r\\ - £ 

11Y - j 

U - j 

^OA - j 

$"" High "" 1 ^jluA\ lYiUY JjVl jIjl»J! i>jpj > Y ^j q2*X\ q^j ^ Y- 






Modulus 1000 Synchronous Down Counter 

. ^ * Lc^la Jcvlj J=j J-aLs-a ^yjljlll ^yic BCD LjJjLo CjS±\ Jl£. V Jjj^jj . ^ 

^^^ jj_^S JlJU (_£JlJIj «L-J^JfcTj| 4 jl»C Jl-SU 4_ll.C J <^ — t I £yjljHil ^yijlZLlI jl Jl»JI ^J^*-'** J (J-lLiTuJ .Y 

.iiaij^BCD^hij^^^ji^^ijViUY^ij^i r ^jlh .^ 
..Segments v ^ij^fv^j^^iLiji BCD ^jjj^j^oi^ vi iv^ij^i r _>j^ .y 

.Switch u ?U; a ^LLL9 .V 
.Segments v *ij^J v ^^ ^LiLi r .sji*. .£ 

Clock. icLJ! cjLtAu BjLil jJ^ .0 

.^0*Q 4-a-iJ3 LajlLaY ^ .1 
■ V0 Cy k. fJa-Laj j^L-o^i Jl^ JlIj-Q .V 

^ijjia (jyijLu j>i j^g. aj^i jJi ojLjfc 4^L^j (jj ^-," . Segments v ^j-c cjLiLi Yj viiv^j^ 






^a>jijjij.ai 




I 1 I 



.Ground Cr j=jVL g^o^Aii oll ;wt A <£j 







/££V) 3jn .Ml cjIj n,^ JiJjuw (Vn <\Y) cibljuJI jrjU^a J-^>j .Y 

. Segments v ^=j^\ c^iaia j^i j^ 

Clock. ^iLcaJI cj! l^u SjLAb JjVl vi m ^j^hU £ ^j JjvjJI Jj^^ ^ .r 

.Switch u ?U't* ^-LlUL cibl julJI J^=xJ 1 £ ^j CLRj^l^UI Jil j^ J^=j .0 

* (_yJLLa.ll I j a LaJI 4_a_i2 (jyic ^ S La LI I 7-LLaJLI x-uzjj I Juij 3jJil jJI (Jjjulujj 4.jJl*Iu aj2 ."I 

■6i>j IjU clajvVj ClOCk <^LuJ| CjI .rti'i jJ>a Jiui .V 

. "" ^ "" x-t^yi (^yic CLR 4t-,,i,l^j JjljmJI j-L«-uaIj a2 .A 

im a J^ ^V^ "" ♦ "" ^Jli CLR ^-LlUI e^iSj Clock ^UJI cil >\n *r.j-^ jf .s-sp j±hljj p-5 A 












&W 



jljuJI aj^j LjJJ^ V££V SjJAJI ilj|j..<auLa JoJjua ^yic SJljvIjIII BCD ^m3 C;r A Ls .Y 

: iJllII aI^jVI <>3>ftJ 

u 

o^ - 

U - 

YYo - 

Oi^ - J* 

AAA - cL> 

YU - Jo 

lor - ^ 

<\YA - 9 



J 



U1 



s "" High "" 1 ^j^Jil \ jjV! jIjlaJI ^o>^ ^ (*Sj ^j^l oj^=e eA* - r 
s "" High "" ^j^Jil 'A. iLulSJ! jljmJl ^^JiJ ^r ^j ^ieJi! oj^=e eA* - 1 






Shift Registers aHjJMiti^^ljj 

.(^Jl Jl ciliLJI l^ljV J^uJLI jIjlc.1 .Y 

.Vi>M i*^ L^l^laf LJiSUaj ^ l^jjliJI .1 

.(Clock c^L^) ^iL^ .Y 

LEDS. JuS^jji cibjjb i .r 












74194 


4-bit bidirectional universal shift register 


Clear pT 


HKc 


Shift right py- 
serial input' 




jE\ Q A 






-aq: 




J±jQ* 


Outputs 




ep 




"islQf: 




Parallel inputs 


c\ir 




IT] Qo 






°r®~- 




"TT| Clock 


Shift left p- 
serial input" 




i3^L ode 


GNOpT 




-9 ] S J controls 
















:0~ Y>) J^Atl 



. (Y- r\) i )&i£l\'4 r <*j± 3 L\j<**\$l\ J^^^^ni^ 4JUJL1 3^1 jJI y-^=>b ^ .> 

.Ground cr j3jVL a *ij i_ajlaJij vo jl^>ji jj.uw ^o^ii! ^ 1 *ij L^jiaJi J-^j . Y 
.(Switch (S W CT 2kni ^liiiL ^^niu u ^j ^>ji j^j .r 

L^ljJaVl^ac IJLAj Switch ^^m^I-^ Jl D j A , B, C ^bjljHI ._flljI»Vl j> 5^= J*aj .1 



»_fljIaJI J^j .^.ojJJJ \ \ plj <_fljJa]l j^£. CLK J^jdl J I Clock i^LJI cil.\n ijLil J^j .0 

r-jLitil £ys ^L=j J-^aj Ij-p-lj SWq , SWj (j^^>Llfldftj \ * J *\ rt'^— i-fclJI i_alj^3l J-i-aj .1 

.LEDS ^Ladijjjijb vt>M ^o>^ ^_jir,u,io L^ijJaVi^fc WjX, Y , Z 






^a>jijjij.ai 



Parallel load inputs 
sw 6 sw 7 sw 8 sw 9 

^ ^ A 4 

A B C D 
9 9 9 9 



Serial input (shift right) SW 5 O— 



Serial input (shift left) SW 4 G- 



Single pulse clock Q— 

Ar 1 , ,,T 1 dlLxJ^-U 



Control 



r 



{SW G— 
SW 1 o- 



+ 5V 



SR Universal 

Shift 
SL Register 



74194 



>CLK 



1 



V 



V 



^uai 



Outputs 



Parallel load S =1 , S 1 = 1 
Shift right S =1 , S.,= 

Shift left S =0, S,= 1 



.ixljVI Ja^oS^5b:(Y- Y^J^Atl 



;> Jj^JU cr}^o"t I Jufcj SWi=l j SW =1 ^ t^c SW , SWi p^-tUI ^pLLo Ja-u^ 

3 j S La '< 1 1 \ 4_a_iS (jjl -"'I k — t Juu AJ' 4_a_jJ2 (jll CLR Ji-JL<5 JljJl^J fU 2jjI jJI 4jJl*JJ aJ3 .V 

. V W i^jLmJ J^O 4_<i_*J2 (jt^ 1 J J ' a *" * J A 5 ^s C ?e_jjLall claj-LO .A 

^jJiJ , SWl=0 j SW =1 fU3 ^SWo , SWl JLaLuXI p^-*Z]\ ^pLla ^jS.] Ijua ,U,,r> A 

.(>- Y))Jjj^J! J^=f .>♦ 












Inputs 

f^=x^ui CLR XjjI>HI J^ijJii 

sw swi - h ^ t ^ u A B C D 






(Clock) 



Outputs 



V 



W 



.(>- Y\)Jjj^J! 



■ 4j(?U ra <L*JJ2 i^l (j?J-*J X 4_<a}Lc : itiuv^La 






tJ^JtJI ' " ' I j La >• 

.Ground (_^jVl a ^j i^jlajij vo jl^ji jji^i^j ^.o^iiMi ^ij L^jiaJi j^>j .y 

.(Switch (SW CT 2kni ^ll*il ^^hIU > i ^j ^jiaJi j^j .r 

»_flijJaVi^c ijlaj Switch U ?U; 6 £\Ula j[ D 3 A , B, C ^bjijUi t-al^Vl <> M^ J^>j .1 

VL\U. ^pjlj o, i ,r 

(_3jiaJ( J^J .^oj-JJ] ^ > ^j c^jiaJ! j^ CLK J^jdl J} ClOCk l£.LuJ\ Cil.\n ijLil J^j .0 

r-jLitil (j-a ^L=j (J-»^5J LhP~li SWq , SW^ (j^^Ll^s \ * j *\ ^J=x^elJI i—aljlal J-i-aj .1 

.LEDS ijS^LAJicjijjjijb vi>M i^>^ iY_jir,u,io L^ijJaVi^fc WjX, Y , Z 

<>• J^JU jr^^t I jufcj SWi=l j SW =1 jwS ^lc SW , SWi ^^^Ul £j3U* Ja-u^ .V 
D j A , B, C JSJjdl j-t£- AjjIjILa 4-fl^aJ <J1iIJLjJI Jja^J 

3-LflIalll \ 4_«_»J3 (J! '"'I taj»J Jlsu jdJ' 4_«_jJ2 J I CLR Ji-J^a JiJJ^»o (<u cjjt\ jJI 4jJl*JJ j*J3 .A 

. ^ ♦ ^ i_£jL"i3 d^° ^-*^ cr^ 1 Jj? ' <a "fcilD j A , B, C ?tjjlill iU u^> A 
^jJiJ , SWi=l j SW =0 fjts ^SWo , SWi gjSUitl p^j*Z)\ ^pLLa ^ji^l 3j-a ,Uu* . \ ♦ 












.(Y- Y\)jjj^Jt j^=!.n 



Inputs 

f^b^ui CLR XjjI>HI J^IjJLI 

sw swi J * JU ^ A B C D 






(Clock) 



Outputs ^j^ 1 



X Y Z W 



.(Y- Y\)Jjjl>JI 



<lA_l£ (^1 ^AJ 



: 4_a^Lc : 3 la a>^ a 






^a>jijjij.ai 



^3i>w £jij aiHuA J£i JJ ^ I}) Jftttb« 
bit serial in parallel out shift register t 

: (jyic 1j-iL2 4jj_3elJI juk JlSU <_jjJl11I (jj)^"ij (j' 
.4_jJlLTLa 4_aLc S-fljuaJ (JliLJLijJI (Jj^^iJJ (Jjfc.i.u.1 1 3j-il-S (J-L^-iTuJ .Y 

.D £^j {y> (j^yCz Cy l£. 2jlvIj J=j cijl^o ViVi ^Slj-i Y _>jm . ^ 

.Switches ^kia^-pu^ y ^ jui .y 
.Leds 4_ujj<±> cjIjjjIj i .y 

.( zj^iL* oL^u ) Clock icLu ijLil .1 

.VO (jy lc *\ laJ aj j-sTn-u-a J-43- J-Jj-a .0 

SJl^Ij J_=j ^jJ1^jV£V£ (jA^oj-^i aIjljtI mb Q- YY) J^ All 4- A-se-jLogll cj$\ jJI t_. ±£=3jli *>Ja 











A 1 


» 






b i 


1 






C 


4 


1 




D< 






LED1 




LED2 LED3 


LED4 


\/ # 
















H« 




n 10 A 1 


4 
9 




A« 






10 (i 1 


4 


O - r-v - 


2 


D PS Qo 

>c 


5 


12 


D PS Q 

>c 


2 


D PS Q 2 

>c 


5 


1? 


D PS Q 

>c 




















9 






















3 


CLR 




11 


CLR 


7 


3 


CLR 




11 


CLR 








C 


, 






13^ 


) 




C 


J 1 






C 


J 


7 


















""" 2 
















GNC 


) 
















_GN 



()- YY) J^AJI 






Ground. 

.PS J^JlII JJa-CJ ^JLJij 

^LcaJI SjLib n j r ^j L^ljJaVl ^lc oy^j-^\ >b=J CLK itLJI JiJj^ J^j .1 

Clock. 

cjULJI JLioV iiLlij Switch ^ flklo ^ Y ^j l^j-LJI ^ JjVl D ^Miil Ji-j^ J^j .0 

.Data 

Switch. CT iki< 3 
■J^— i mi!L %_j3j-<5 jji L^=j 4_Jb (_^JJ! <_i^LoJI (J^j^i <— iM^ (J^ 3 ^>^ eJ-^J -^ 

.(_br dill <— iLJLjj-UL^all tiJJij "' * "' j! LOW ^jl^u-U Cy icCLR T-Llill Ji-<ij BjjI jJI AjJJlIj aS .A 

Cr Jb ^ jJl jjjt^Jl 4- 7=-^>o >& Lc^j "' ^ "' jl High (^LmJil ^^JLc CLR t-LlHI 4_jjlis 3j-o lL^s a 

4-cl_<-u 4_xia_u (JLiol L&Jljij j«_j Uata <J1jLJLijJI t-LLL^j (JS-jJI 4_h_i£ ' bj >iaj liJUjij (_pe-i.u.t I (J-tA-iuTb aJ2. ^ * 

Cr J^ -oj^jii ^ulji v ^o^( > - yy) Jjj^ji ^ ^LuJ! J^?^3j CLK jiijdi ^ Clock 

Data. j^i 












^ 


Inputs J^Ij^ 


Outputs jrjU^ 


CLR 


Data 


Clock ^iLoJi 


A-lSj-L^JI Cjljljjl jjl Hiss. 


A 


B 


C 


D 


































i 














Y 














r 














i 





























1 














V 














A 














<\ 














\ • 














n 














)Y 














^r 














u 














^0 














n 














w 














u 














\<\ 














Y« 











(>- YY)Jjjl*JI 






^a>jijjij.ai 



Memory 3j£Q)! j$\j* 

.RAM ^yjtj-uUtJI Jja^ajJI Cjli 2j^=1i pjj £ys 2j^=1 jJI <JLlL$ljfcd 6*\j£ 

■ ij^=>\ JJI (jljl«J ^LjUI J o ^-i 1 1 <j1"^-i; 2^-==IJlJI <^oj_<i <Jtajj 

^LzJI Jo^-,11 Jl ^L£JI ;> J^ jn.C^RAM Sj^li i*^, J^L13 

Binary to two's complement Encoder 






JfctfYl 






Kj .Q 4-ajJ2 Cjli <JLsLsjlJLai 

(Clock). iJL* X^j^lla cjLla.u iiili tcLui 
(Logic Probe) u ?Uu jUi^i jL^. 



7404 

4 = y 








7489 

16x4 bit read/write me 

(64-bit RAM) 


-, 






Address /1 |~T 

we\jt 

o,rz 






y, [T 


"7 


ja* 




Address 




-,rz 


Z]v s 


D 2 |~6" 




3^, 




y, LH 


in^* 


Q 2 [Z 




10] D 3 




gndH" 


n>i 


GNDpT 




2D 5, 



^ ^ ^ 






: V£A<\ o>o>i fjLJL^-j-i 

J^a L$>^J j'j-" 1 J^ *J9£^ 1 <j,J-*J LoDlt) x (16 1 Cxj £ x ^ "I «QajJ2 f«-S=JV ^yic V£A*\ 4_=»oj_<i L^i^* 1 -* 

.CxJ £ (jyic 4_La Jo- 1 J 

2^Ij^ji SjUr j> J^=xJ Low <JU 2_ ( 2j^=l jji o^=Ui ) ) Memory Enable me ( ^Lll* <jj^ 

<> ciLiLuii j^ j> ( ajI-.^ii jh^o" )) Write Enable we ( j^j^ ^ <> <JL^ ^^ ^^^ 
.Switches) (Address o^ 1 -^ 1 ^^ ^-^i^ ->j^i! ^jli JJ ciULJ! J^ ,Ju * 

fij^l Jlj ic^jHa 4-C.LjJl! 4-L>.jji t2jLia_u al JiielL-ul Lul^-i ab (JJ^J 4-cLji1! 4_J*L-u <— il >>> n j-3jj P^- *^^>- ^r 

.v£A<\^j > ^j) we( r^j j^jJii^ (NOT)^ 






^a>jijjij.ai 



Data input Switches uuLiLjJI Ji»jL 



Memory enable 
switch °— 



Write enable Julv=-itl ^^^ 
pulse V 



Single pulse clock p "q| we 

( Negative pulse ) ' 



switches 9 9 



.(V- Yt)J^ ,1,11 4.0^^1 S^SIjJI l-4%Pj ^ .> 
+ 5V 



RAM Q 4 3- 11 






V 



V% 



,lJJUj^b:(Y- YtQJ^AJI 



£)AlL>iJj_<!a]l ^L== J I CjJND j V CC ,j-a (J^ 3 iS JUS 33 J- < ^' L '- u -t I Jl 4?^' JiJj-a Lola? .Y 

. Vi'i)j( ViA<\ 

( s Y, \ • , 1 , t Lil^LVl ) ciLiLuii j*i jl« <> j== ji Switches ^akia ^pu^ \ j^j .r 

.( Y^jJaJI )) ME( Z^=lJJt qj^-.o" j ( >T, U , )o , > l^IjIpVI ) ^Lullj 

Low. LT 2kiii j^uaJl ^w> Memory Enable J^jl* jj^j Bj^IjJI h'j^n ^ .t 

Ia^ b*\ £y» jL^stnJ) Write Enable weQ u (jr 2kixi j'.— vi jU? ^t — b.* o — ***' -° 

.cj~=i\lxi\ CjLj1*/j SeijJa 4-JU* 4- ^' C^-*^ '^i High Cr 5laJil jLviyi (^jL-uj ^nUUI 












Inputs 
Address 

A, A ? . 



Outputs 



A 



X Y Z W 



\*\j2l\ Hi^j ^[± <JjJt».:0- Yr)JjjL>JI 






I i^jS ^ ^-LlUI ik^i^j Memory Enable 3j^i jji o^^ J^^ ^^ ^ • ^ 

LOW. LT ikUL! 

.j^L> ^udi (jI^i*ji ^ l^l^-jI 4_j$Ua1I cuLjL^ji juj^; j^ Write Enable ^ii^ti u^^us 












Inputs 
Address 

A 3 A 2 



A 



Outputs £juai 

X Y Z W 



■ ^l".^tl UUo^U- Jjj^:(Y- Yr)«Jjji*JI 












Low. CT 2kHi jft,^,ti J\ Memory Enable ^uS ^j^ . \ 
. i*\ji iJU ^ju uHigh s : aU:ti 4.1^ jf j>o jl^sLsj Write Enable Ji-j^ ^^^i .Y 

.(Y _ YT') ( JjJ^>JI £. g-jllill (_^*-m fU j Mir aTli-oJI t jjijLl«JI £y> ^L=a ^g^IL^a lf.\j2i <& .X 



Inputs J^ljd! 

Address ji^i*Ji 
A 3 A 2 Ai A 



Outputs jjLUI 

ijjtaj_iil Zj^alJJI dsLjI^ta 

X Y Z W 



ijJLI fij^=jl JJI CjLjIrta (j^u JjJl>-:(Y- YY)Jjj^>JI 






Static RAM 6116 

: ^yic Ij-sLa <jj^l!l ojui Jl»j <_jjJl11I jj^-ij 
x Y ♦ 1 A L^-^i Static RAM ii^L^ 3j_^li c ^ ^^1^ ^!j 1U1 ^UJI ^o^ ^ l^jjOJI .> 

.K ByteY e^L >L^Y jl c^Kx 8Y 3 \ c^ A 

.Switches ?=_pLla^ £ jjlc .Y 
.LEDS Ajjjjis cjIjijjI.} A .Y 

.VO ^£. rtbiaj j-cTn-u-a J^v jJj-a . 1 
: £>^ 

X Y'£A l^lt ,,, Static RAM i^La, Sj_^ I j ^ ^j^i ^Ij ~\\ Ui^j^O- Yl) J^-. *.tl ~<~jj 
■OjL Y* LA jf (c^jA ) 4 l^i Y« 1A l-^-o^ 4 ^,;a CcjHYAI jIojA 

A4 J A3 J A2 J Aij Ao^j^ (jr^'j OdJ' - '-*-^ Lr^"'^' '— ^J - * 3 ^ ^ O" T^-^J-* 3 J-* ' ^^~ l <^>oj_iiiJI 0jui ;JJ*^~ '**'"' 

. Y * iAJ.sLsu La jl fij^l jJI 2_ <jL=ua Y 4Jji£. ^ys I m^-i^j La I JuijAio jAg j Ag j A7 3 A6j A5J 
-^ *yo<*Yo x 3 /o 3 ^/o^Yo, ^^i^^^J^/J^^AL^l^^liJj 
.Ju>iai cLLJI s,l^j ( ^LLJI ^^ ) ^Li^xJI <> l;;^„- ^1 3 1/ 3 1/ 3 1/ 
. \ Y l-2j1z}\ ^yic Ground CT aisj^lj Y£ i_3jJaJI ^yic Vcc ^-la-ml^j 4_=»o^A!1 ajJlju jj^— " 

Skills j <j_^x*j Lc^j ^oj_jJ| Cr JLc 3 jLl^aJI ^3-a Y ^ (_3j_LaJI C3 _JLc ( (Active LOW WE 4 Itlaj £j ^auQJ 

(^JJI j_& Active Low) I >>mI( CS J^jJLI La? -Zj-^1 JJI cjLjj!** «*1jJa u lr ( (Active LowgE 

.WE 3 \ QE( JiJjJU oJui ^-6^' ^ JJ^"' LjJlaj i^lj^Jlj 4jL1^=l1I 4_JLc£. j=.t_iT <>a I H^a qj 






^a>jijjij.ai 




0" Yl) J^n.MI 



im. ^o>^ 



JjJ^O - Yi) JjJl^JI ^_J=jj 



cs 


QE 


W£ 


Operation 4_JuaJ1 


) 


X 


X 


4-JUc ij] CjJl^o V 






) 


Reads* lj_2JI ^.Jur. cjj^j 




1 




Write <jLl=xJI <Aa£. 6ji>J 



0- Yi)jjjL>JI 



.1U1 2j^IjJI ^.j^^lj^l^L, (>- Yl) J^-, ^tl 4. Ha^Jll 2j$\ jJI i.n^-tpj ^a .> 

xJL=loV I juk$ Ground C3 _*^jVL Ai jA 9 j A 8 j A 7 j A 6 j A 5 j A 4 j A 3 (jjjLLaJI JiJ j^j J-^j . Y 

A2.J Aij Ao JiJ Jill 4.1a ml^J 1 La <& Zj^aljJI 2_ sJalj^J A Zjjlc 

.Switches ^LUj CS 3 QE 3 WE 3 A 23 Aij A JsJjlII J^aj .T 












// .// .// . /^j^j^j^j^j^^L^/Jilj-UJ^-j.t 



/o g J /0 7 J /0 6 

.Switches ^pLUL 
.CiLajUi! jic (j^ajVl JJ U^* cjIjjjIjJI CATHODC i^yjl ^ c^L>o ^Afc}'- 5 A J-^J -° 

j^jLHL J-^j^s BjLj tiJ^La-uSU j^^l ■ ^j LaJI jj-^xj^ .CjLJLJI ^■jLka/JS.IjLlLi ciJ^L-ul A J-«^J .1 

.«*1j_2J1 4_!U- 4_tTjbjj(jJI Anode l^IjIsL sjLjj <jbi=JI 5JL>. 4- Switches 

■ l^ljt mi" (jj.5 Ajjiilll (J-»^3J -V 

. ( da. Jala jjlL u^-su ) ^ jf High ^"ditl ^yic CS o_u .A 

- :(Y- Yl) JjJi^JI ..MM-QJulLlil c^ljkiJI Lul* S^SIjlII JLuUSlI £A\jl\ ,j£. 3uh^-,tbp5 .)* 

A2.J Aij Ao <LLa iiil^J (jlj-LsJI O-UJ jUi-l _ 

.(oll^tl cn^zx^U WE = ♦ ) c^jVL WE J^j - 

.( CS = * ) (jr J3J^?L 4_ Llu3 ^Iu I JUfcj GS iff ^~1 "";> t*^ LhP*'J ~~ 

I JLjij CS J t-it" (jl 4_>1**(^-— 1 4 jlor (J-=j Jljlj ^-<-u-<j V , (j^-*- (j'j-" 1 cr-^ 1 4-^bi=xJI 4 jlpr *CL3 I J ^-1 »j 

.( CS Vcc (l = -i4?JL> ^JLl^jIj 



(^jjLIaJI 


Data ^bL-Ji 


A 2 


Ai 


Ao 


d 8 


D 7 


D 6 


D 5 


D 4 


D 3 


D 2 


Di 


















y 










\ 
















\ 




























\ 












\ 


























\ 






\ 












\ 
































\ 












\ 







(Y- Yi)JjjL*JI 












. ( <>^x^^ ) \ ^ CS oJi - 

A2.J Aij Ao 4-La mt_gj (jljJLftJI Ct-ug jTlvI ~ 

.( QB = * ) c^jVL ££ J^j - 



^jLIaJI 


( ojidl ciULJI ) ciIjjjIjJI iJLv 


A 2 


Ai 


Ao 


LED 8 


LED 7 


LED 6 


LED 5 


LED 4 


LED 3 


LED 2 


LED! 







































































































































(r- Yi)jjjL>ji 






4-Ojt ,,,tl A-_U,jJI A-^lUII 
^j^all L-JJjJjilj ^jiill 'tjW'lU 4_dl*Jl Ajaujjj-all 



>J 



;i 



suayi^ijiji 



SJLSjJI oL>JL»J.I 








Yo^jtjlttlluJjdlll 
Debug >«V! fkldiuttl 1 3^JDI 5) Ul 

( _^3lj_J2 2 I (J-l^-iToj a I laj 4_j_u ^_ j_olj 2I j-La ■ ■■ 2 JLJb a I JiielLuiLj *_ia^>iJ 4_JlL i La-> 1 uj /j_ol_Jjj 4_jL1^3 . ^ 

Dos. 
.Dos Jiiisii f Li«^ £« jis^Jti Debug j^Vi ^Ijl*1u.i .y 
. Debug jJ$\ ^a jai^j (_p.il ^pLUi qj^u aI jl^l-cI .r 

.2j_^=!jJI 4- 2 JucLSJI (jlj-Lc JyJ^i ■ $■ 

.Sj_=3l jjl «^lj-<3 ^jlita (jlaj^L 4ji7J^-| .V 

.IBM x_<a (^aljlxt i^V mi t_«.mLvjL^>. .) 

.Debug juaVl i^>^ l^jJIj Dos o^lj^f J a ,1," aLI^ .y 

*_2j 2_jj-l! (_>alj-aVl lL!j^*jo 4- DOS ^IjJaVl J-l<-.Jj aI taj 4_JLc l£>^2 <_$ JJl <jj-l1 c>aj-2il J^-il • ^ 

Bios ) jL^>Ji Bios cjhi jl^i F jjJli L y* J 2i\ <_>* ^l^Tl^vi jUiiJ j^j^> jU^ 1 p^Ur^L 

.(Setting 

4-t.iJjjj A ^J^ ^ L^V O-* 3 - ijLC - J^^ 3 ^ Cr^ 1 J_A*-" ^lo^a *-m^>«j iiij ^-oLJjj <jLHi=ij 4JL»JI JJt I§_ aj ri i > » 

.Loop U\^i\ '£. lJlSjUI ^ ^oL^-til 

aIu 4.^ ..,*>" jiLcv . Enter jjJi ^ ckJL^l ^ Debug j^Vi <. ,-.^i <:Aj^IjVi jl*^4_ .Y 
jU.-.ti ji uj «^t 4 ( - ) ^^aP. ;,au jj^t-^; jj->"„' is'^h Debug j aVl Jt- 







4. aj( jlJI ^ys Debug j-aVi ^i*^ i U^ ^bLu t^y tiiiij ij~=}\j3\ 4- odjbc jL f Ji::e ^ ^ -^ 



bb^=Lj liUij Ho • «cujS (OFFSET) j^u^ ji^i 2_j ^bbJi *>v 4. cjUAcji 



j-ja^j 



<D8 :0050 dw25 <enterY< 
<D8 :0052 dw 16 <enterY< 
<D8:0054 dwB3 <enterv- 
<D8:0056 dwF8 <enterv- 
<D8 :0058 dw 02 <enterY< 
<D8 : 005 A dw 0D <enterY< 
<D8 :005C dw98<enten< 
<D8 :005D dw00<enten< 

=lj til! ij . \ 



t^bJIj^Vl 

<a 50 <enter - 
:Debug Jau -Liu 4. ^ L» ^b^ tilij j 



<a 100 <enter- 

<D8 : 0100 Mov ax, <enterY- 

<D8 : 0103 Mov bx, 50 <enterY< 

<D8 : 0106 Cmp [bx],ax <enterY< 

<D8 :0108 jbe 10c <enterY< 

<D8 : 010A Mov ax, [bx] <enterY- 

<D8 : 010C add bx, 2 <enterY< 

<D8 : 010F Cmp Word ptr [bx],0 <enterY 

<D8 : 0112 jnzl06 <enterY< 

<D8 : 0114 Mov [bx],ax <enten< 

<D8 : 0116 nop <enterY< 

<D8:0117 <enterv- 



(jljIsJI 4_JLc l£>^ l£^ £*>l' 4- ^"bjoJI JU*b (j^l <& 



)ry 







<U 100 116 <enter 

.Enter^ckJL^i^ r v ^=i Debug iiu 4. .1 

.Enter ^le, . u » . ^ 1 vj t < ."^1 *j u v ?jU^.. w_aLjj_Ji Illc-ll! .v 

.4_a5_jli!1 ^yic J^lc SJii^^Lj liLa S^^La^ull *uJa (_,-& La 

.Enter^cki^i ^ t ^Ls ^ ^:i^=i .A 

■ 4-aL-LLL!l ^yic J^lc 5. k ^\> " 1 jLo 5<— i^La^-a-ll *uJ2 (_,-* La 
di^La^uil *uJ2 4_bL*^a «_a ^aLj^-iJI aL. jia-t-u J? j-af j^T <_,)! J-*-ii3 <j? Jl A j! V ajIai-JI JlC? .*\ 
. juaill jU.,.tlj ajJLII ojui *_a iiUltl ."«! kOd 1 1 j 
t^LlJI j-aVl JUoL a2 CjLLlJI (_,!£. (_£>^i (j^JI sj^jI JJI x^lj-a *u3 4-yL*i . ^ ♦ 

d 0050 005F 







: (_,!£. Ij-iLJa <jj^l1!I eJJt Jl*j <_ijjuil j^^-ij jjf 

.^lqaTlII 4J1L ^-a'j-J 4-jLii=J 4_u-ul_iil ilijJI i2jJt-<3 • 

.^-Lq-as-JI 4JlL ^L-oLJjj JLLflJUj (JjvIj_<3 t a us j • 

■ ^- L q- a s-Ljl 4jtJb i l^j i gj /t_aLJjj 4jL1=j • 

.^- L q- a s-ul 4J1J Cj La_ d AJ (_p3JtJ *U-*3 • 

• 

.IBM X_<3 ,3^ljl<3 t_c^U- jL^JV • 

.TASMjfMASM ^i:^ • 
.DOSj^i3 f Lk: • 

:(J^— 1 mi] I jJaJl) (jyJt (Jj^lj-a £-JjL> ^Ll^J' V-^ ?^^>^' iLii-uj *.LiiJV 
3 »l t t~il -i _■!«") j Ju^a-U ( aL a ^.Lifuj^f 4^£ l ^~ , j j-^-l [T J.' J?^ * J <: ~"' ^ ' J A ^ La ' JU "*"" J n ***" " ' - ^ 

ifti iiJ ^a j^ijiii (Object file) ^L^=xJi lJJl* *li:V (Assembles) ^^i\ j*.cuJ .y 

.^glui-u L-kbs ^.LiiJV (3jL=l!I cola ilaJp -LlIlK ^-aljjj J-cCu-ul .V 







Assembler 



T -M jH 






£C-aU_)J fj «•>"< 






jjl£j| £L/slj_)J JaJ J 



«^LJjj Jjiu CJljIai 



cUjIjJIj Assembler^*^! ^lj^J ^Lkii! ^uu <j? c^j^ <ctUa]| v^j^ 1 ,: ^ 4- ••^k^^L* 

.C ^j-^W z^^* Linker 

.£^U1 iiJb ^alijaU jJlx^LI cilia cJiUI <j? J! j-uiu ASM J I J0*VI .PLASM 

: (Assemble) uft\ ui j\ ^l^i jj^:2buiiii^i»*ii 

^1 e^J g^Li^fJI jji- J^l ^UJU* £* iiiljUl iftl iiL^alij-i J I PLASM ^oLijJIJj^lJ 

.Pl.OBJ 

iCAMasmPl 

.Pl.OBJ jIjo-VIc^; 







.j^jj^i ^jjLllvI <JliLaJL<3 *.Liiij| ^jjJlj j-o^l J j a " (jylAJ ' kill j«_<-ul Juu 3 Laj al\\ 4_L*aLi!l 

t^inJl j^Vi Jia <%2ia a^u jjju MASM ^LijJ! j^ 
C:\MasmPl 

La jj i^{\ 4_ajLJ2 u^j^. <— iLa i(j^aLs *.LiJl jLp* i^ljt^nj JVLAoJVL *_«^>Jsl <jl Jsjv^Lj j-aVI iLii-u Jl*j 

3jLui ^a (Source Listing (Pl.LST <_iL» .Cross-Reference <_iL»j Source Listing ^ « , ,,j 

4J2 1 4J1J 2 j a "■ J LJ-SLu La j )>_lcaTl! I 4J1J aj A ,", jU,„ (_L^3 ^- (__>l3jju J jj U , „1l &ji2j^ (»J-2j (jj-*-^-1 ^-ala (j_c 

'4- j^3 ^U! *U^Vi o^u aj2j ^^ ckia ^ 3jl_ui ^t (Cross-Reference (Pl.CRF ckiii 




fl .eXe ^ Ju-fl-B (-JiLa J I 4Jb^rcIlJ 0, Llo-Ij ,j^"~ ' < ' V > J^"~ I 1 . 4_J*^f I 4J1J «_a Jj^l^ILa (_ kLa j_& fl .CJJjJ < flJ a 

.J_(inK /j-aljjj aJlscIL-uj 
:j-aVl juaj 

i C:\LINK PI 

.<LjJL\ll Sj_LaJ»JI 2_ «Lvj_<i /«u La (j-itaJ 4-Laj) all I iL^aLaJI jjj 
:j-a^?l <jI"i^-i i^$-<-u <— Lile, La ^_aLjj_iJI JljAZl! 



C:\Pl.exe 



S i_3j_=»JI 4_ 1 iLiiJI (jyic * j LaJ /j_aLJ)_iJI 






.^^JLlII j-La intl (jyic gQ^LlaJ ^JJSJ ^llLa A <— 3j^>- olio? lit .i_3j^v ,JLi»ol ajLJeTn-u-U Q-° J fc>"' 'Jj 

DL,BL,AH:J ,„l,„-,t L, 
DL BL AH .-,N T ,,tl 

•r n = v Y > jpaJll 

Y ^>bJll 

I JUk AjL^J £- B-S5JV3II ^-aLJj-JI lui-u JjvIj^s j-jjII INT 21H iAiaLSil cJijLlaj aJLscIliJ : 5ia^^La 

.<_<jjja]l 







TITLE PI: ECHO PROGRAM 

.MODEL SMALL 

.STACK 100H 

.CODE 

MAIN PROC 

;display prompt 



£*H« 



; input a character 



; go to a new line 



;display character 



;return to DOS 



MAIN ENDP 



MOV AH,2; display character function 
MOVDL,'?' character is '?' 

INT21H 

;display it 



MOV AH, 1 

INT21H 

; character in AL 

MOV BL,AL 



read character function 



;save it in BL 



MOV AH,2; display character function 



MOV DL,0AH 

INT21H 

; execute carriage return 

MOV DL,0AH 

INT21H 
;execute line feed 

MOV DL,BL 

INT21H 
;and display it 

MOV AH,4CH 

INT21H 

;exit to DOS 

END MAIN 



;carnage return 



;line feed 



; retrieve character 



;DOS exit function 







INT 21 h lA>[2X\ cJtSUaj 

DOS Interrupts 
Interrupt 21 h 

Function lh: 
Keyboard Input 

Waits for a character to be read at the standard input 
device(unless one is ready), then echoes the character to the 
standard output device and returns ASCII code in AL. 
Input: AH=01h 

OutputAL =character from the standard input device 

Function 2h: 
Display Output 

Outputs the character in DL to the standard 



output device. 



=character 



Input: AH =02h 
DL 

Output: none 



control to the invoking 
process. 

=return code 



Function 4Ch: 
Terminate a Process (EXIT) 

Terminates the current process and transfers 



Input: AH =4Ch 
AL 



Output: none 
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